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(57) ABSTRACT

A fingering display device and a fingering display program
capable of drawing a fingering moving image close to actual
keyboard operations by minimizing the moving distance of
the back of a hand is provided. A fingering display program
to perform fingering display on a screen by drawing a
fingering moving image of playing a musical instrument in
a musical piece reproduction based on playing information
including respective musical sounds of a musical piece and
corresponding finger numbers, wherein when generating a
fingering drawing based on fingering position information
corresponding to a reproduction time in the musical piece
reproduction, the fingering display program makes a com-
puter execute: generating the fingering position information
based on single key pressing information, and synthetic key
pressing information obtained by synthesizing respective
key pressing information at a plurality of different times.

27 Claims, 22 Drawing Sheets
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Fig.8
“FOR ELISE” EXAMPLE OF LEFT HAND
T vore SPECT L TeERTTe
STATE|DELTA TIME| (#N& fLirrLe] ring | wiooLE | inex | THUMB | chaneE [Tiomenc | ovenc FINGERING IMAGE
Boir| 0 | FKI
A |cuRRenT| 0
ol | 0 | FKI
SORE[ 96 | FKi
B JCURRENT| 144
poinr | 192 | Fkoa | 45 52
SURE] 192 | Fko4| 45 52
G [curReNT] 192
poinr | 192 | P24 | 45 52
SURT] 202 | FK12| 45 52
D [curRenT] 210
poiny | 216 | FK24 52 | 57
SURH| 216 | Fro4 52 | 57
E|cURRENT| 216
poinr | 216 | FK24 52 | 57
SURE] 226 | Fk12 52 | 57
F {CURRENT| 234
polr | 240 | FK2 57
SURE| 240 | Fi2 57
G [CURRENT| 240
ooinr | 240 | Fx2 57
SIARL] 263 | FKi 57
H  |cuRrent] 288
obN-| 336 | FK24 | 40 52
SN 336 | FK24 | 40 52
I |cuRRENT| 336
obhbr | 336 | Fr24| 40 52
SUARE[ 346 | Fr12| 40 52
J |ourRen] 354
pbiRr | 360 | FK24 52
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Fig.9
“FOR ELISE” EXAMPLE OF LEFT HAND
s NOTE NUMBER SR A T
STATE|DELTA TIME| [ {N¢ Tiirrie [ ring |miooLe | noex | THume | coane || 00| FINGERING IMAGE
SURTY 360 | FK24 52
K |cuRrent] 360
oblRr | 360 | Fr24 52
SURH 370 | P12 52
L cureent] 378 o
eoinr | 384 | Fx2 56
SURT] 384 | k2 56
M JCURRENT| 384 o
poiir | 384 | Fx2 56
SURE] 407 | k1 56
N |cURRENT] 432
poitr | 480 | FK24 | 45 52
SURLY 480 | FK24| 45 52
0 |cuRRENT| 480
poiar | 480 | FK24 | 45 52
SUREL 490 | FK12| 45 52
P |cuRRENT] 498
poinr | 504 | FK24 52 | 57
SURTL 504 | FK24 52 | 57
@ [CURRENT| 504
p6ihr | 504 | FK24 52 | 57
SUREL 514 | FK12 52 | 57
R [cuRReNT] 522
ooldr | 528 | K2 57
SURE] 528 | FK2 57
S |cuRRenT] 528
pounr | 528 | FK2 57
SURE B51 | FKi 57
T |cURRENT| 588
phinT | 647 | FK24 | 45 52
SURTY 768 | FK24| 45 52
U cURRENT| 768
ooibr | 768 | FK24| 45 52
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Fig.13
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Fig.18

KEY RELEASING TIME KEY PRESSING TIME

Fig.19

IMAGE A IMAGE B IMAGE C

DIFFERENT FROM
IMAGE A




U.S. Patent Oct. 20, 2020 Sheet 14 of 22 US 10,810,984 B2

Fig.20

KEY RELEASING TIME KEY PRESSING TIME

Fig.21

IMAGE A IMAGE B IMAGE C

SAME AS IMAGE A
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Fig.22
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Fig.23A

WEAK STRIKING

Fig.23B

STRONG STRIKING
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Fig.24

START
J[ 141

INFORMATION NECESSARY FOR DRAWING OF THE FINGERING IMAGE ARE READ

1w
IMAGE G IS DRAWN

! ~ 143
SOUND VOLUME 1S ACQUIRED
] ~ 144
KEY PRESSING TIME 1S ACQUIRED
Il 145
NN
< DURING KEY PRESSING? >
Y
I ~ 146 148 v 151

Y
<:TCHORD KEY PRESSING? ::>ﬁ> OFFSET COORDINATES ARE ACQUIRED}|OFFSET COORDINATES ARE ACQUIRED

Y | |
AL 189 18

IMAGE A IS DRAWN IMAGE B IS DRAWN IMAGE A IS DRAWN
|

<&
«

! 150 | 153
SINGLE NOTE KEY PRESSING IS DRAWN KEY PRESSING PREPARATION MARK IS DRAWN

< 1

L

SCREEN DISPLAY

A 4

END
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Fig.25

“FOR ELISE” MUSICAL SCORE OF LEFT AND RIGHT ALTERNATING PARTS

" .
'-'/’ ‘\{\/X
Ie) LR 2 3
7 r . %
73 -,4’ .:,’ s r p o
i ae Bﬁ 77
o)
_—7&3:7; P T —

- -
oo et L
Sy 7 Lot ¥ e
o) AN 4

LI | T
11 LI
1 [ )
1 [}

T1 T213T4  T5T6T7 T8



U.S. Patent Oct. 20, 2020
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Fig.26B

TIME OF KEY PRESSING WITH
THE LEFT HAND IS SHOWN,
THE LEFT HAND IS DRAWN FOREMOST

TIME OF KEY PRESSING WITH
THE LEFT HAND IS SHOWN
THE LEFT HAND IS DRAWN FOREMOST

Fig.26D

TIME OF KEY RELEASING WITH
THE LEFT HAND IS SHOWN,

THE RIGHT HAND OF NEXT PRESSING

IS DRAWN FOREMOST

Q P

TIME OF KEY PRESSING WITH
THE RIGHT HAND [S SHOWN,
THE RIGHT HAND IS DRAWN FOREMOST

Fig.26E
Q P

TIME OF KEY PRESSING WITH
THE RIGHT HAND IS SHOWN,
THE RIGHT HAND IS DRAWN FOREMOST

Fig.26F
Q, ,0

TIME OF KEY RELEASING WITH
THE RIGHT HAND IS SHOWN,
THE LEFT HAND OF NEXT
PRESSING 1S DRAWN FOREMOST

Fig.26G

Fig.26H

P

TIME OF KEY PRESSING WITH
THE LEFT HAND IS SHOWN
THE LEFT HAND IS DRAWN FOREMOST

P

TIME OF KEY PRESSING WITH
THE LEFT HAND IS SHOWN
THE LEFT HAND IS DRAWN FOREMOST

US 10,810,984 B2
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Fig.27

MUSICAL SCORE THAT LEFT HAND AND RIGHT HAND ARE PRESSED SIMULTANEOUSLY
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Fig.28B

THE LEFT HAND AND THE RIGHT HAND
ARE PRESSING KEYS AND
ARE AWAY FROM EACH OTHER,
THE LEFT HAND AND THE RIGHT HAND
ARE DRAWN WITHOUT OVERLAPPING

AFTER KEY PRESSING WITH BOTH HANDS
THE LEFT HAND THAT PRESSES A KEY LATER
IS DRAWN FOREMOST

AFTER KEY PRESSING WITH BOTH HANDS,
THE LEFT HAND THAT PRESSES KEYS
LATER IS DRAWN FOREMOST

Fig.28D

P P

AFTER KEY PRESSING WITH BOTH HANDS,
THE RIGHT HAND THAT PRESSES A KEY LATER
IS DRAWN FOREMOST

BOTH HANDS SIMULTANEOUSLY PRESS KEYS,
A HAND WITH THE HIGHER DIFFICULTY LEVEL
(IN THIS CASE, THE LEFT HAND)

IS DRAWN FOREMOST

US 10,810,984 B2
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FINGERING DISPLAY DEVICE AND
FINGERING DISPLAY PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This non-provisional application claims priority to Japa-
nese Patent Application Nos. 2018-064506, filed on Mar. 29,
2018; 2018-066413, filed on Mar. 30, 2018; 2018-068787,
filed on Mar. 30, 2018; and 2018-068730, filed on Mar. 30,
2018, the contents of which are hereby incorporated by
reference in their entireties.

TECHNICAL FIELD

The present invention relates to a fingering display for
practicing playing a keyboard instrument, and to a fingering
display device that, based on playing information consisting
of a plurality of musical sounds and finger number infor-
mation corresponding to the respective musical sounds,
draws a fingering moving image of playing a musical
instrument and displays the fingering moving image on a
screen in musical sound reproduction, and a fingering dis-
play program for the fingering display device.

BACKGROUND ART

There has been proposed a playing action display device
that instructs a practicing person on fingering for key
pressing and key releasing by displaying a fingering image
consisting of the back of a hand and the thumb and fingers
so as to be superimposed on display of a keyboard to be
operated when practicing playing a keyboard instrument
such as an electronic piano.

For example, Patent Literature 1 discloses a fingering
moving image generating technology in which hand move-
ment continuously shifts for easy understanding of finger-
ing, and conditions are divided between the case of a single
note and the case of a chord, and a finger arrangement and
a position of the back of a hand in each case are determined.

That is, Patent Literature 1 describes a fingering display
device in which a plurality of kinds of operation fingering
image data and a plurality of kinds of process fingering
image data are stored in a ROM in advance, operation
fingering image data corresponding to fingering showing a
start of an operation of a key for note-on processing is
selected and readout from the ROM and is supplied to and
displayed by a display device, and further, process fingering
image data corresponding to fingering showing a process
until reaching the start of operation of a key to be pressed
next to note-off processing is selected and readout from the
ROM and is supplied to and displayed by the display device,
and which thereby provides detailed playing guidance
according to the progression of a musical piece.

In addition, the applicant proposed a method disclosed in
Patent Literature 2 as a fingering display method capable of
drawing a hand position matching a keyboard size and the
size of a keyboard on a screen display.

CITATION LIST
Patent Literatures

Patent Literature 1: Japanese Patent No. 3521838
Patent Literature 2: Japanese Patent No. 4070100
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2
SUMMARY OF INVENTION

Technical Problem

However, in the method of fingering display in the fin-
gering display device disclosed in Patent Literature 1,
depending on the arrangement of music sounds in a musical
piece, hand movements when operating a keyboard and a
fingering moving image sometimes deviate from each other.

For example, in tremolo playing by alternately striking a
key of “C” with the thumb and a one octave lower key of
“C” with the little finger of the left hand, or in playing a
broken chord with a left hand for accompaniment, etc., a
problem occurs when playing each single note.

That is, in the conventional method in which the finger
arrangement and the position of the back of a hand are
determined for each single note, a hand moving distance for
each key pressing becomes long, and thus an unnatural and
inefficient fingering moving image is generated.

For example, when a musical score for a left hand is the
one shown in FIG. 10 (the numeral displayed above each
note indicates a finger to press the key. 1 denotes the thumb,
and 5 denotes the little finger.), a problem occurs in which,
as shown in FIG. 11, a fingering image is displayed in which
the hand greatly moves to the left or right for each key
pressing, which tends to cause a next key pressing operation
to delay.

However, in actual playing, it is certainly much easier to
play single notes by widening the fingers as in the case of
chording, with as little movement of the back of the hand as
possible, and skilled players also commonly play in such a
way.

Not only in the above-described example (the example of
alternately playing notes about one octave away from each
other), but also in cases of shifting from a chord to a single
note, from a single note to a chord, and from a chord to a
chord, it is desirable to realize easy pressing of a key(s), easy
pressing of a next key(s), and as short a moving distance of
the back of a hand as possible, however, these cannot be
sufficiently realized in most cases of the conventional fin-
gering display method.

In addition, the fingering display method in the fingering
display device disclosed in Patent Literature 1 has a problem
in which when a time period from key releasing to the next
key pressing is long to some extent, a fingering moving
image showing continuous shifting from the key releasing to
the next key pressing is generated, so that an unnatural
moving image like a slow-motion image in which a hand
with the fingers gradually widening slowly moves over a
long interval is generated.

Further, according to the fingering display device dis-
closed in Patent Literature 1, it becomes possible to instruct
a practicing person which finger strikes which key at which
timing in an intuitive manner, and on the other hand, it is
impossible to give instructions on a sound volume, which is
an important element in playing music, in an intuitive
manner by a fingering moving image.

Additionally, in the fingering display device of Patent
Literature 1, when the left hand and the right hand approach
or cross and both hands overlap, a phenomenon frequently
occurs in which one hand hides the vicinities of the tips of
fingers of the other hand that are necessary information for
the other hand. In such cases, consideration was not given as
to how to prioritize each hand and how to draw each hand.

The present invention was proposed in view of the
above-described circumstances, and an object thereof is to
provide a fingering display device and a fingering display
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program capable of drawing a fingering moving image close
to actual keyboard operations by minimizing the moving
distance of the back of a hand.

Another object of the present invention is to provide a
fingering display program capable of drawing a fingering
moving image close to actual keyboard operations by elimi-
nating unnatural slow movements of a fingering moving
image, when generating a fingering moving image, even
when a time period from key releasing to the next key
pressing is long.

Further, still another object of the present invention is to
provide a fingering display device and a fingering display
program capable of also giving instructions on a sound
volume at the time of key pressing in an intuitive manner by
a fingering moving image in performing a fingering display
for a keyboard instrument.

Additionally, still another object of the present invention
is to provide a fingering display program capable of reliably
instructing a practicing person (player) on necessary infor-
mation even when the left hand and the right hand approach
or cross and both hands overlap in performing a fingering
display for a keyboard instrument.

Solution to Problem

In order to achieve the above-described objects, the
present invention is a fingering display program to perform
fingering display on a screen by drawing a fingering moving
image of playing a musical instrument in a musical piece
reproduction based on playing information including respec-
tive musical sounds of a musical piece and corresponding
finger numbers, wherein

when generating a fingering drawing based on fingering
position information (Pm) corresponding to a reproduction
time (T) in the musical piece reproduction,

the fingering display program makes a computer execute:

generating the fingering position information (Pm) based
on single key pressing information corresponding to a single
time among times including at least a time before the
reproduction time (T) and a time after the reproduction time
(T), and synthetic key pressing information obtained by
synthesizing respective key pressing information at a plu-
rality of different times.

The present invention is a fingering display program to
perform fingering display on a screen by drawing a fingering
moving image of playing a musical instrument in a musical
piece reproduction based on playing information including
respective musical sounds of a musical piece and corre-
sponding finger numbers, wherein

when generating a fingering drawing based on fingering
position information (Pm) corresponding to a reproduction
time (T) in the musical piece reproduction,

the fingering display program makes a computer execute:

setting,

atime (T2) being a key pressing time after and closest to
the reproduction time (T) from a key releasing time when
key pressing changes to key releasing at the reproduction
time (1), and

a time (T1) just before changing to key pressing infor-
mation at the time (T2); and

generating fingering position information (Pm) so that
shifting to a fingering position corresponding to the key
pressing information at the time (T2) completes before the
reproduction time (T) elapses a predetermined time from the
time (T1), when a time period from the time (T1) to the time
(T2) is longer than a desired time.
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4

The another present invention is a fingering display
program to perform fingering display on a screen by drawing
a fingering moving image of playing a musical instrument in
a musical piece reproduction based on key pressing infor-
mation of a musical piece, wherein

when generating a fingering drawing based on fingering
position information corresponding to a reproduction time in
the musical piece reproduction,

the fingering display program makes a computer execute
functions of:

preparing a key pressing fingering image at the time of
key pressing at the reproduction time, a key releasing
fingering image at the time of key releasing just before the
key pressing, and a dark-colored fingering shadow image;

simultaneously displaying either the key pressing finger-
ing image and the fingering shadow image or the key
releasing fingering image and the fingering shadow image;
and

displaying the key releasing fingering image so as to
increase an offset according to a sound volume at the time
of'the next key pressing with respect to the fingering shadow
image.

The present invention is a fingering display program to
perform fingering display on a screen by drawing a fingering
moving image of playing a musical instrument in a musical
piece reproduction based on key pressing information of a
musical piece, wherein

when generating fingering images for the left hand and the
right hand based on fingering position information corre-
sponding to a reproduction time in the musical piece repro-
duction,

the fingering display program makes a computer execute
functions of:

in a case where fingering images for the left hand and the
right hand overlap, drawing foremost a hand corresponding
to a musical sound whose sound production starting time is
the latest among musical sounds as key pressing targets at a
current reproduction position; and

in a case where there is no musical sound as a key pressing
target at a current reproduction position and neither of the
hands presses a key, drawing foremost a hand including a
finger that will press a key next.

Advantageous Effects of Invention

According to the present invention, when generating a
fingering drawing based on fingering position information
(Pm) corresponding to a reproduction time (T) in a musical
piece reproduction, the fingering position information (Pm)
is generated based on synthetic key pressing information
obtained by synthesizing key pressing information at a
plurality of different times including a time before the
reproduction time (T) and a time after the reproduction time
(T) (fingering position information Ps at a time before the
reproduction time and fingering position information Pe at a
time after the reproduction time), so that by including
previous and next finger position information in movements
of the back of the hand and the fingers, a moving distance
of the back of the hand can be minimized and a fingering
moving image close to actual keyboard operations can be
drawn.

Also, according to the present invention, a time (12)
being a key pressing time after and closest to the reproduc-
tion time (T) from a key releasing time when key pressing
changes to key releasing at the reproduction time (T), and a
time (T1) just before changing to key pressing information
at the time (T2), are set, whether a time period from the time
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(T1) to the time (T2) is longer than a desired time period is
detected, and further, an elapsed time after key releasing at
the time (T1) is determined, and accordingly, a fingering
image can be generated so that hand movement completes as
early as possible in the time period before the next key
pressing time comes.

Further, according to the present invention, when gener-
ating a fingering drawing based on fingering position infor-
mation corresponding to a reproduction time in a musical
piece reproduction, with respect to a fingering shadow
image, by offsetting and displaying a key releasing fingering
image according to a sound volume of the next key pressing
and a remaining time before the key pressing, instructions on
a sound volume at the time of key pressing can also be given
in an intuitive manner by a fingering moving image.

Additionally, according to the present invention, when
fingering images for the left hand and the right hand overlap,
a hand corresponding to a musical sound whose sound
production starting time is the latest among musical sounds
as key pressing targets at a current reproduction position is
drawn foremost, and when there is no musical sound as a key
pressing target at a current reproduction position and neither
of the hands presses a key, a hand including a finger that will
press a key next is drawn foremost, and accordingly, infor-
mation on a key that should be pressed last (a hand shape and
a position of the back of the hand, a finger that should press
a key, and a position of the key to be pressed) can be reliably
displayed foremost.

In the case where fingering images for the left hand and
the right hand overlap, when the left hand and the right hand
simultaneously press keys, by drawing a hand with the
higher difficulty level foremost, information on the fingers of
the hand with the higher difficulty level, that is more
important to a practicing person, can be preferentially dis-
played.

In the case where fingering images for the left hand and
the right hand overlap, by setting transmissivity of a hand to
be displayed foremost to be lower than that of the other
hand, while the fingering image for the hand displayed
foremost is made easily viewable, the fingering image for
the back hand can also be checked at the same time.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a function block diagram showing a configura-
tion of a fingering display device of the present invention.

FIG. 2 is a display example of a musical score, a key-
board, and a fingering image to be displayed on a display
unit of the fingering display device.

FIG. 3 is a time chart for describing key pressing times
and key releasing times for keys.

FIG. 4 is a flowchart of fingering drawing generation in a
fingering display program of the present invention.

FIG. 5 is a flowchart of fingering position information
generation in the fingering display program of the present
invention.

FIG. 6 is a view showing an example of a musical score.

FIG. 7 is a piano roll view showing key pressing infor-
mation corresponding to the musical score shown in FIG. 6.

FIG. 8 is a correspondence diagram showing fingering
images to be generated in consideration of key pressing
information at a start point and an end point with respect to
a reproduction time (current time) (state A to state ).

FIG. 9 is a correspondence diagram showing fingering
images to be generated in consideration of key pressing
information at a start point and an end point with respect to
a reproduction time (current time) (state K to state U).
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FIG. 10 is a view showing an example of a musical score.

FIG. 11 is an explanatory view showing an example of
fingering display according to a conventional example with
respect to the musical score shown in FIG. 10.

FIG. 12 is an explanatory view showing an example of
fingering display according to the present invention with
respect to the musical score shown in FIG. 10.

FIG. 13 is a view showing an example of a musical score.

FIG. 14 is an explanatory view showing an example of
fingering display according to a conventional example with
respect to the musical score shown in FIG. 13.

FIG. 15 is an explanatory view showing an example of
fingering display according to the present invention with
respect to the musical score shown in FIG. 13.

FIG. 16 shows a display example (conventional method)
of a fingering image to be drawn with respect to a musical
score and a keyboard.

FIG. 17A shows a display example (method of the present
invention) of a fingering image by preceding movement to
be drawn with respect to a musical score and a keyboard.

FIG. 17B shows a display example (method of the present
invention) of a fingering image by preceding movement to
be drawn with respect to a musical score and a keyboard.

FIG. 18 is an image view showing a fingering image with
an offset image at the time of key releasing and a fingering
image with an offset image at the time of key pressing in the
case of pressing a key of a single note.

FIG. 19 is an image view showing a key releasing
fingering image (image A), a key pressing fingering image
(image B), and a fingering shadow image (image C) for
generating the fingering images with offset images shown in
FIG. 18.

FIG. 20 is an image view showing a fingering image with
an offset image at the time of key releasing and a fingering
image with an offset image at the time of key pressing in the
case of pressing keys of a chord.

FIG. 21 is an image view showing a key releasing
fingering image (image A), a key pressing fingering image
(image B), and a fingering shadow image (image C) for
generating the fingering images with offset images shown in
FIG. 20.

FIG. 22 is an image view when displaying fingering
images for both left and right hands.

FIG. 23A is a view showing a fingering image when
pressing (weakly striking) keys of a chord.

FIG. 23B is a view showing a fingering image when
pressing (strongly striking) keys of a chord.

FIG. 24 is a flowchart for generation of a fingering image
with an offset image in the fingering display program of the
present invention.

FIG. 25 shows an example of a musical score including a
part in which the left hand and the right hand alternately
strike keys.

FIG. 26A is one of the image views chronologically
showing fingering image examples to be displayed accord-
ing to the musical score shown in FIG. 25.

FIG. 26B is one of the image views chronologically
showing fingering image examples to be displayed accord-
ing to the musical score shown in FIG. 25.

FIG. 26C is one of the image views chronologically
showing fingering image examples to be displayed accord-
ing to the musical score shown in FIG. 25.

FIG. 26D is one of the image views chronologically
showing fingering image examples to be displayed accord-
ing to the musical score shown in FIG. 25.



US 10,810,984 B2

7

FIG. 26E is one of the image views chronologically
showing fingering image examples to be displayed accord-
ing to the musical score shown in FIG. 25.

FIG. 26F is one of the image views chronologically
showing fingering image examples to be displayed accord-
ing to the musical score shown in FIG. 25.

FIG. 26G is one of the image views chronologically
showing fingering image examples to be displayed accord-
ing to the musical score shown in FIG. 25.

FIG. 26H is one of the image views chronologically
showing fingering image examples to be displayed accord-
ing to the musical score shown in FIG. 25.

FIG. 27 shows an example of a musical score including a
part in which the left hand and the right hand simultaneously
press keys.

FIG. 28A is one of the image views chronologically
showing fingering image examples to be displayed accord-
ing to the musical score shown in FIG. 27.

FIG. 28B is one of the image views chronologically
showing fingering image examples to be displayed accord-
ing to the musical score shown in FIG. 27.

FIG 28C is one of the image views chronologically
showing fingering image examples to be displayed accord-
ing to the musical score shown in FIG. 27.

FIG. 28D is one of the image views chronologically
showing fingering image examples to be displayed accord-
ing to the musical score shown in FIG. 27.

FIG. 28E is one of the image views chronologically
showing fingering image examples to be displayed accord-
ing to the musical score shown in FIG. 27.

FIG. 29 is a flowchart for generating fingering images for
the left hand and the right hand (both hands) in the fingering
display program of the present invention.

DESCRIPTION OF EMBODIMENTS

Hereinafter, a fingering display device of the present
invention is described with reference to the drawings.

The fingering display device is configured by installing a
fingering display program in a known tablet type terminal
including a CPU, a ROM, a RAM, and a hard disk, etc., to
display musical score data and execute fingering display
corresponding to the musical score data. The tablet type
terminal includes a display unit capable of displaying a
musical score and a keyboard, a touch panel having an input
unit for inputting a touch operation, and a sound output
device such as a speaker to reproduce sounds. On the display
unit, a keyboard and a fingering image showing a hand
position are displayed together, and a user can practice
fingering with a keyboard instrument, etc., with the help of
the displayed fingering image.

The CPU of the fingering display device executes various
processes based on the installed predetermined control pro-
gram (fingering display program), and controls the entire
fingering display device.

To the tablet type terminal, an MIDI device is connectable
via an MIDI interface. Playing data and fingering drawing
data can be stored in the ROM inside the tablet type
terminal, or provided from the outside via an MIDI interface
or by a recording medium.

As a usage example of the fingering display device, the
fingering display device is connected to a digital piano, for
example, and demonstration playing is performed by dis-
playing musical score data recorded in the device and
sounding with a sound source of the digital piano by
transmitting playing data corresponding to the musical score
data to the digital piano side. In addition, a user plays the
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digital piano while looking at the musical score displayed on
the fingering display device, and results of the playing are
input to the device side and compared with model playing
data corresponding to the musical score data displayed on
the device side, and accordingly, the state of playing by the
user is checked (evaluated).

A fingering display device configured by installing a
fingering display program stored in, for example, a record-
ing medium to execute processing according to the present
invention for the tablet type terminal is described with
reference to the function block diagram shown in FIG. 1.

The fingering display device includes a musical sound/
finger number information storage unit 11 having stored
musical sound information for playing and finger number
information for performing fingering display corresponding
to respective musical sounds, a key pressing information
generation unit 12 that generates key pressing information
from the musical sound/finger number information, a key
pressing information storage unit 13 that stores the key
pressing information, a fingering position information gen-
eration unit 14 that generates fingering position information
from the key pressing information, and a fingering image
generation unit 15 that generates a fingering image from the
fingering position information.

In addition, the fingering display device includes a musi-
cal score image generation unit 16 that generates a musical
score image from musical score information included in
fingering information, and images generated in the fingering
image generation unit 15 and the musical score image
generation unit 16 are stored in the image information
storage unit 17, and displayed on the display device 18 such
as a display, etc.

In addition, the fingering display device includes a repro-
duction information generation unit 21 that reproduces
reproduction information for reproduction of a musical piece
from the musical sound information stored in the musical
sound/finger number information storage unit 11, a repro-
duction information storage unit 22 that stores the repro-
duction information, a sound generation unit 23 that gener-
ates sounds from the reproduction information, a sound
reproduction unit 24 that converts the sound into an analog
signal, and a sound output device 25 including an amplifier
and a speaker, etc.

In the musical sound/finger number information storage
unit 11, minimum necessary information for musical piece
reproduction and fingering drawing, such as musical sounds
constituting a musical score, and finger numbers corre-
sponding to the musical sounds, etc., are stored.

The key pressing information generation unit 12 generates
key pressing information at an arbitrary time in a period
from the beginning to the end of a musical piece based on
information stored in the musical sound/finger number infor-
mation storage unit 11. As the key pressing information,
information on a target time and playing hands and finger
numbers, sound volumes, note numbers, and presence of
special fingering flags for respective musical sounds of keys
being pressed at the target time, are prepared. The special
fingering includes a finger change, crossing under, and
crossing over in terms of playing techniques.

The key pressing information prepared in the key pressing
information generation unit 12 is stored in the key pressing
information storage unit 13.

When key pressing information stored in the key pressing
information storage unit 13 includes special fingering, the
fingering display is determined as needing special fingering,
special fingering information is generated in a special fin-
gering information generation unit 31 from the key pressing
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information generated by the key pressing information gen-
eration unit 12, and stored in a special fingering information
storage unit 32. Whether fingering display includes special
fingering is determined from the key pressing information
generated in the key pressing information generation unit
12.

The fingering position information generation unit 14
generates fingering position information Pm at a reproduc-
tion time (a time of a current reproduction position from the
beginning of the musical piece) T based on information
stored in the key pressing information storage unit 13. This
fingering position information Pm is generated based on
single key pressing information corresponding to a single
time among times including a time before the reproduction
time T and a time after the reproduction time T, and synthetic
key pressing information obtained by synthetizing respec-
tive key pressing information at a plurality of different times
(fingering position information Ps at a time before the
reproduction time T, and fingering position information Pe at
a time after the reproduction time T). Detailed steps of
generating the fingering position information Pm based on
the fingering position information Ps and the fingering
position information Pe are described later.

The fingering position information Pm is information for
drawing a hand position and a finger arrangement in a
fingering image. The fingering position information includes
positional data of the center of the back of a hand, positional
data of bases of the respective five fingers, positional data of
two base points (thumb side and little finger side) of the
wrist, and positional data of tips of the respective fingers. By
providing these pieces of information, drawing of a finger-
ing image is enabled. In order to determine positions of the
respective portions of a hand position with respect to keys,
provision of data representing the positional relationship
between the positional data and the keys is necessary.

As a method of obtaining a fingering image from finger-
ing position information, a publicly known method shown
in, for example, the above-described Patent Literature 1
(Japanese Patent No. 3521838) or Patent Literature 2 (Japa-
nese Patent No. 4070100) is used.

The fingering image generation unit 15 generates a fin-
gering image at the reproduction time T based on informa-
tion prepared in the fingering position information genera-
tion unit 14. The fingering image is prepared from
information on a hand shape and coordinates of finger
positions corresponding to fingering position information.

The musical score image generation unit 16 generates a
musical score image based on information stored in the
musical sound/finger number information storage unit 11.

The fingering image prepared in the fingering image
generation unit 15 and the musical score image prepared in
the musical score image generation unit 16 are stored as
image information in the image information storage unit 17.

On the display device 18, image information stored in the
image information storage unit 17 is displayed.

That is, based on key pressing information corresponding
to musical sounds in a musical score, a fingering moving
image of playing a musical instrument is displayed on a
screen in a musical piece reproduction. As a specific image
display, as shown in FIG. 2, a musical score is displayed in
an upper part, and a keyboard and a fingering image for
playing respective musical sounds of the musical score with
both hands are displayed in a lower part thereunder. In the
musical score area, a bar BAR corresponding to the repro-
duction time T, which moves on the stave portion according
to the progression of playing, is displayed, and a key
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pressing state at the reproduction time is drawn as the
fingering image. A pressed key is changed in color (hatched
in FIG. 2).

In place of a musical score, playing information such as
a piano roll may be displayed.

The reproduction information generation unit 21 gener-
ates musical sound reproduction information based on infor-
mation stored in the musical sound/finger number informa-
tion storage unit 11. As the reproduction information, MIDI
information including a sound production starting time and
a sound production ending time, a sound volume, and a note
number of each musical sound is prepared.

Reproduction information prepared in the reproduction
information generation unit 21 is stored in the reproduction
information storage unit 22.

In the sound generation unit 23, sound information con-
sisting of an analog signal is generated according to the
reproduction information.

In the sound reproduction unit 24, an analog signal
corresponding to the sound information is reproduced. In the
generation of key pressing information by the key pressing
information generation unit 12, time information is input
from the sound reproduction unit 24 so that key pressing
information corresponding to the reproduction time of the
musical piece is generated.

In the sound output device 25, the analog signal as sound
information is output through the amplifier and the speaker
s0 as to reproduce a sound.

Next, steps of preparing a fingering drawing according to
the above-described fingering display program is described
with reference to the time chart for the keyboard shown in
FIG. 3 and the flowcharts shown in FIG. 4 and FIG. 5.

In the fingering display device, by the stored fingering
display program, fingering position information is generated
based on key pressing information, and a fingering image is
generated based on the fingering position information and
drawn on the display unit.

In the fingering display program of the present invention,
a control is performed so that a movement of the back of a
hand in the keyboard width direction is reduced and a
fingering moving image close to an actual keyboard opera-
tion is drawn. Therefore, with respect to the reproduction
time T in a musical piece reproduction, in a case where key
pressing times and key releasing times on the keyboard are
as shown in FIG. 3, when generating a fingering image based
on fingering position information Pm corresponding to the
reproduction time T, the fingering position information Pm
is generated based on single key pressing information cor-
responding to a single time among times including a time
before the reproduction time T and a time after the repro-
duction time T, and synthetic key pressing information
obtained by synthetizing respective key pressing informa-
tion at a plurality of different times.

The fingering position information Pm consists of finger-
ing position information (coordinates of bases and tips of the
respective fingers, and central coordinates of the back of a
hand) at the reproduction time T.

The fingering position information Pm is calculated by
interpolating, for example, fingering position information Ps
at a start point time and fingering position information at an
end point time. When the reproduction time is at a key
releasing time, the start point time is a key pressing time T1
just before key releasing before and closest to the reproduc-
tion time in FIG. 3, and the end point time is a key pressing
time T2 after and closest to the reproduction time. Con-
versely, when the reproduction time is at a key pressing time,
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both of the start point time T1 and the end point time T2 are
the same as the reproduction time T, and interpolation is
unnecessary.

Next, steps of generating fingering position information
Ps at the start point time and fingering position information
Pe at the end point time, and from these, obtaining fingering
position information Pm so as to prepare a fingering image
in the fingering position information generation unit 14 and
the fingering image generation unit 15, are described with
reference to the fingering image drawing flowchart in FIG.
4 and the fingering position information generating flow-
chart in FIG. 5.

A fingering image is prepared by considering key pressing
information, etc., at the respective times T1, T2, T3, and T4
around and closest to the time T (reproduction time: time of
a current reproduction position from the beginning of the
musical piece, being a musical piece reproduction position)
in FIG. 3.

T1 is a time corresponding to a time just before key
releasing before and closest to T. T1 may be a time a
predetermined time before the key releasing time. This is
because, when a time period from a key releasing time to a
next key pressing time is short, fingering display is instan-
taneously switched to next fingering display, and therefore,
by setting a time a predetermined time before the key
releasing time, fingering display smoothly shifts.

T2 is a key pressing time after and closest to T when T is
at a key releasing time, and is a key pressing time before and
closest to T when T is at a key pressing time.

T3 is a key releasing time after and closest to T2 (a time
corresponding to a time of key releasing next to key pressing
at T2, for example, a time a predetermined time before the
key releasing time).

T4 is a key pressing time after and closest to T2 (a time
of key pressing next to key pressing at T2).

In the case of the key pressing/key releasing states of the
keys (square portions) as shown in FIGS. 3, T1, T2, T3, and
T4 are at the positions (times) shown by the arrows with
respect to ON (key pressing) and OFF (key releasing) of
keys.

The key releasing time corresponds to a time a predeter-
mined time before an actual key releasing time so as to make
the shift of fingering as smooth as possible as described
above.

In the fingering display device, information FI on shapes
of the respective fingers and the back of the hand, including
a relative length of the back of the hand with respect to a
keyboard width, and relative positions of the respective
fingers from the back of the hand, are stored (Step 51).

Based on a reproduction time (musical piece reproduction
position) T, closest T1, T2, T3, and T4 are scanned and
readout from key pressing information and key releasing
information with respect to a musical score (Step 52).

Single key pressing information FK1, FK2, and FK4
corresponding to T1, T2, and T4, respectively, are generated
(Step 53).

FK1 is key pressing information (key pressing flags for
respective fingers, and key numbers) at time T1.

FK2 is key pressing information (key pressing flags for
respective fingers, and key numbers) at time T2.

FK4 is key pressing information (key pressing flags for
respective fingers, and key numbers) at time T4.

Synthetic key pressing information FK12 obtained by
synthesizing FK1 (key pressing information at time T1) and
FK2 (key pressing information at time T2), and synthetic
key pressing information FK24 obtained by synthesizing
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FK2 (key pressing information at time T2) and FK4 (key
pressing information at time T4), are respectively generated
(Step 54).

Whether the musical piece reproduction position is before
first key pressing (whether T1 is invalid and T<T2) is
determined (Step 55).

When the musical piece reproduction position is before
the first key pressing, fingering information Ps is prepared
(preparation of start-point coordinates of fingering) from
FK1 (key pressing information at time T1) and FI (Step 56),
and whether the musical piece reproduction position is a
predetermined time or more before the first key pressing
(whether T1 is invalid and T<I2-Tmin) is determined (Step
57). Tmin is a time period for determining whether it is a
predetermined time or more before key pressing, and is set
to “96” (delta time as long as a quarter note) determined in
advance, in the present example.

When the musical piece reproduction position is a pre-
determined time or more before the first key pressing, FK1
(key pressing information at time T1) is used as fingering
information Pe (preparation of end-point coordinates of
fingering) (Step 58).

The fingering information Ps is fingering position infor-
mation (base coordinates/tip coordinates of the respective
fingers, and central coordinates of the back of the hand) at
a start point time of fingering.

The fingering information Pe is fingering position infor-
mation (base coordinates/tip coordinates of the respective
fingers, and central coordinates of the back of the hand) at
an end point time of fingering.

In Step 57, when the reproduction time T is not a
predetermined time or more before the key pressing,
whether fingering information Pe can be generated from
FK24 is determined (Step 59). This is determined according
to whether the respective key pressing information FK2 and
FK4 can be synthesized, and they are determined to be not
capable of being synthesized when key pressing positions of
the respective fingers in the synthetic key pressing informa-
tion are not less than a predetermined range. When the
synthesis of the respective key pressing information FK2
and FK4 is possible, fingering information Pe is generated
from the key pressing information FK24 (Step 60). When
the synthesis is not possible, fingering information Pe is
generated from the key pressing information FK2 (Step 61).
FK24 is key pressing information (key pressing flags for the
respective fingers, and key numbers) obtained by synthesiz-
ing the key pressing information FK2 and FK4.

HFs being special fingering information (flags showing
whether to make a finger change, crossing under, or crossing
over) at the fingering start point, and HFe being special
fingering information (flags showing whether to make a
finger change, crossing under, or crossing over) at the
fingering end point, are respectively generated (Step 62).

Subsequently, whether the reproduction time T is during
key pressing is determined (Step 63).

When it is during key pressing, key pressing information
Ps at the fingering start point and key pressing information
Pe at the fingering end point become the same value.

When the reproduction time T is during key pressing,
whether a time period from T3 (key releasing time after and
closest to T2) to T4 (key pressing time after and closest to
T2) is shorter than Tmin being a threshold time period set in
advance is determined (Step 64). Tmin is a threshold of a
permissible time period for determining that FK2 and FK4
should be synthesized, and set to “96” determined in
advance, in the present example.
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When the time period from T3 to T4 is shorter than the
threshold time period Tmin, whether fingering position
information Ps (fingering position information Pe) can be
generated based on FK24 (synthetic key pressing informa-
tion) and FI is determined (Step 65).

When it is determined that it can be generated in Step 65,
fingering information Ps/Pe is generated based on FK24
(synthetic key pressing information) and FI (Step 66).

Subsequently, by using the special fingering information
HFs/HFe generated in Step 62, the fingering information
(start-point coordinates) Ps at the start point time and the
fingering information (end-point coordinates) Pe at the end
point time are corrected (Step 67).

In Step 64, when the time period from T3 to T4 is
determined to be longer than the threshold time period Tmin,
consideration of key pressing information at a subsequent
time is determined to be unnecessary, and fingering infor-
mation Ps at the start point time (fingering position infor-
mation Pe at the end point time) is generated from FK2 (key
pressing information at time T2) and FI (Step 68). When
fingering position information is determined that it cannot be
generated in Step 65, key pressing positions of fingers to be
synthesized are determined to be away from each other, and
fingering information Ps at the start point time (fingering
position information Pe at the end point time) is also
generated from FK2 (key pressing information at time T2)
and FI (Step 68). Thereafter, the respective coordinates of
the fingering position information Ps at the start point time
and the fingering position information Pe at the end point
time are corrected according to the special fingering infor-
mation HFs/HFe (Step 67).

When generating the fingering information Ps and Pe in
the respective steps, fingering position information is pre-
pared in the fingering position information generation unit
14 of the fingering display device shown in FIG. 1, and in
this case, the fingering position information is prepared
through steps shown in the flowchart of FIG. 5.

First, key pressing finger coordinates are calculated (Step
41).

Next, whether a distance between X coordinates of the
fingers pressing keys is within a permissible value of a
maximum finger interval is determined (Step 42).

When the finger interval between the fingers pressing
keys is within the permissible value, coordinates of the
fingers that are releasing keys are calculated (Step 43),
central coordinates of the back of the hand are calculated
(Step 44), and whether Y coordinates (keyboard depth
direction) of the fingers that are pressing keys are within
regions of the keys corresponding to the respective key
pressing fingers is determined (Step 45).

When the Y coordinates of the respective key pressing
fingers are out of the key regions, all coordinates are
relatively moved by a distance that makes the Y coordinates
of all key pressing fingers fall within the key regions and
come to the front side of the keyboard to the extent possible
(Step 46), and fingering position information is established.

On the other hand, in Step S43, when the finger interval
exceeds the permissible value, the process returns without
obtaining fingering position information.

Returning to the flowchart in FIG. 4, when the reproduc-
tion time T is not during key pressing in Step 63, whether T4
is invalid and T is not less than T2 (there is no next key
pressing) is determined (Step 70).

When T4 (key pressing time after and closest to T2) is not
found (there is no next key pressing), start-point coordinates
Ps (=end-point coordinates Pe) of fingering are generated
from FK1 (key pressing information at time T1) and H (Step
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71), and the start-point coordinates Ps and the end-point
coordinates Pe are corrected according to the special fin-
gering information HFs/HFe (Step 67).

In Step 70, when T4 (key pressing time after and closest
to T2) is found (there is a next key pressing), whether a time
period from T1 {time corresponding to a key releasing time
before and closest to T (time a predetermined time before the
key releasing time, etc.)} to T2 (key pressing time after and
closestto Twhen T is at a key releasing time, or key pressing
time before and closest to T when T is at a key pressing time)
is shorter than Tmin being a threshold time period set in
advance is determined (Step 72). Tmin is a threshold of a
permissible time period for determining that FK1 and FK2
should be synthesized, and is set to “96” determined, in
advance in the present example.

When the time period from T1 to T2 is shorter than the
threshold time period Tmin, whether fingering information
Ps (fingering position information at a start point time of
fingering) can be generated based on FK12 {key pressing
information (key pressing flags for the respective fingers,
key numbers) obtained by synthesizing key pressing infor-
mation FK1 and FK2} and FI is determined (Step 73).

When it can be generated, fingering position information
Ps at the start point time of fingering is generated from FK12
and FI (Step 74).

In Step S72, when the time period from T1 to T2 is longer
than the threshold time period Tmin set in advance, whether
the time period from T1 to T (reproduction time) is shorter
than the threshold time period Tmin set in advance is
determined (Step 75).

That is, when the time period from T1 to T2 is longer than
a desired time period in Step 72, a fingering image that
makes the preceding movement is displayed, and in the case
of “Y” in Step 75, the fingering image is making a preceding
movement, and in the case of “N” in Step 75, the preceding
movement ends and the state turns into a state of waiting for
next key pressing.

When fingering information Ps (fingering position infor-
mation at the start point time) is determined that it cannot be
generated in Step 73, or when the time period from T1 to T
is longer than the threshold time period Tmin set in advance
in Step 75, start-point coordinates Ps of fingering are gen-
erated from FK1 (key pressing information at time T1) and
FI (Step 76).

When start-point coordinates Ps of fingering are generated
in Step 74 and Step 76, whether the time period from T3
{key releasing time after and closest to T2 (time of key
releasing next to key pressing at T2)} to T4 {key pressing
time after and closest to T2 (time corresponding to time of
key pressing next to key pressing at T2)} is shorter than the
threshold time period Tmin set in advance is determined
(Step 77). Tmin is a threshold of a permissible time period
for determining that FK2 and FK4 should be synthesized,
and is set to “96” determined in advance, in the present
example.

When the time period from T3 to T4 is shorter than the
threshold time period Tmin in Step 77, whether fingering
information Pe (fingering position information at the end
point time) can be generated based on FK24 {key pressing
information obtained by synthesizing key pressing informa-
tion FK2 and FK4 (key pressing flags for the respective
fingers, key numbers)} and H is determined (Step 78).

When it can be generated, fingering position information
Pe at the end point time is generated from FK24 and FI (Step
79), and respective coordinates of the fingering position
information Ps at the start point time and the fingering
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position information Pe at the end point time are corrected
according to the special fingering information HFs/HFe
(Step 67).

When the time period from T3 to T4 is longer than the
threshold time period Tmin in Step 77, or when the fingering
information Pe is determined that it cannot be generated in
Step 78, fingering position information Pe at the end point
time is generated from FK2 and FI (Step 80), and respective
coordinates of the fingering position information Ps at the
start point time and the fingering position information Pe at
the end point time are corrected according to the special
fingering information HFs/HFe (Step 67).

When the time period from T1 to T is longer than the
threshold time period Tmin in Step 75, whether fingering
position information Pe can be generated from FK24 is
determined (Step 82), and when it can be generated, finger-
ing position information Ps and Pe are generated from FK24
(Step 83), and when it cannot be generated, fingering
position information Ps and Pe are generated from FK2
(Step 84). In this case, a key pressing waiting state has been
entered, so that the fingering information Ps and the finger-
ing information Pe are the same.

Then, respective coordinates of the fingering position
information Ps at the start point time and the fingering
position information Pe at the end point time are corrected
according to the special fingering information HFs/HFe
(Step 67).

After start-point coordinates of the fingering position
information Ps and end-point coordinates of the fingering
position information Pe are corrected in Step 67, movement
interpolated coordinates Pm (Pmx, Pmy) at the reproduction
time T are generated from the start-point coordinates Ps
(Psx, Psy) and the end-point coordinates Pe (Pex, Pey) (Step
90).

The fingering position information Pm consists of finger-
ing position information (coordinates of bases and tips of the
respective fingers, central coordinates of the back of the
hand) at the reproduction time T.

When the end-point coordinates Pe are generated in Step
57, Step 59, and Step 60, they are not based on synthetic key
pressing information obtained by synthesizing key pressing
information at a plurality of different times, so that correc-
tion according to a finger change, crossing under, or crossing
over is not necessary, and movement interpolated coordi-
nates Pm (Pmx, Pmy) at the reproduction time T are gen-
erated from the start-point coordinates Ps (Psx, Psy) and the
end-point coordinates Pe (Pex, Pey) (Step 90).

The X coordinate (Pmx) and Y coordinate (Pmy) of the
movement interpolated coordinates Pm are calculated by the
following formulas (1) and (2) when Ts is the start point
time, Te is the end point time, and T is a current time.

Pmix=Psx+(Pex—Psx)x(T-1%)/(1Te-T%) (€8]

Pmy=Psy+(Pey—Psy)x(T-1)/(Te-T%) 2)

Next, drawing information is generated from the move-
ment interpolated coordinates Pm generated in Step 90 (Step
91).

Subsequently, a fingering image is drawn based on the
drawing information generated in Step 91 (Step 92), and the
processing of fingering drawing is ended.

In the flowchart described above, Tmin that is a threshold
of a permissible time period for determining that FK2 and
FK4 should be synthesized in Step 56, Step 64, and Step 77,
and Tmin that is a threshold of a permissible time period for
determining that FK1 and FK2 should be synthesized in Step
72 and Step 75, are all set to the same time interval “96,”

5

10

15

20

25

30

35

40

45

50

55

60

16

however, they may be respectively set to individual time
intervals. Tmin is set to not an actual time but a delta time
s0 as to become a short time when the tempo is fast and
become a long time when the tempo is slow.

Subsequently, examples of a fingering image to be gen-
erated in response to a detailed musical score are described
with reference to FIG. 6 to FIG. 9.

FIG. 6 shows a musical score showing measure 1 to
measure 7 of a musical piece “For Elise,” and an upper stave
is a right hand playing part and a lower stave is a left hand
playing part. FIG. 7 shows a piano roll of a left hand playing
part corresponding to the musical score shown in FIG. 6.

In the piano roll shown in FIG. 7, the measure progresses
from bottom up, keys (note numbers 36 to 59) being a part
of the keyboard are displayed in the left-right direction, and
a portion displayed as a square in an upper region of each
key shows a key-pressed state. Therefore, a lower end
position of the square portion is a key pressing start position,
and an upper end portion is a key releasing position, and a
numeral displayed at the lower end position is a key pressing
time (for example, key pressing time 192 corresponding to
the note number 45 displayed in the lowest line), and a
numeral displayed at a substantially central position is a time
a predetermined time before a key releasing time (for
example, before-key-releasing time 202 of the note number
45).

FIG. 8 and FIG. 9 are correspondence tables showing
fingering images to be generated from key pressing infor-
mation at arbitrary reproduction times T in measure 1 to
measure 7 of the musical score shown in FIG. 6.

In FIG. 8, in each of states A to I at the respective
reproduction times T of “time 0,” “time 144,” “time 192,”
“time 210,” “time 216,” “time 234,” “time 240,” “time 288,”
“time 336,” and “time 354,” a fingering image is generated
from the above-described fingering information (fingering
position information) Ps at the start point time and fingering
information (fingering position information) Pe at the end
point time. The fingering position information includes a
time (delta time) and key pressing information (note num-
bers with respect to key pressing fingers, special fingering
information). The special fingering information is controlled
by the presence of flags.

FIG. 9 shows fingering images in respective states K to U
at the respective reproduction times T of “time 360,” “time
378,” “time 384,” “time 432,” “time 480,” “time 498,” “time
504,” “time 522,” “time 528,” “time 588,” and “time 768.”

The generation of fingering images in the respective states
is described in order from the state A (reproduction time
T=0) shown in FIG. 8.

When the reproduction time T is “0,” in the scanning in
Step 52 of the flowchart of FIG. 4, T1 is invalid (there is no
time corresponding to a key releasing time before and
closest to T), and since the reproduction time T is at a key
releasing time, T2 is the “time 192" being a key pressing
time after and closest to T, T3 is the “time 202 being a key
releasing time after and closest to T2, and T4 is the “time
216” being a key pressing time after and closest to T2.

When the reproduction time T is “0,” T1 is invalid and
T<T2 is satisfied, so that the result of the determination in
Step 55 is “Y,” and fingering position information Ps at the
start point time is FK1 (Step 56), and by satisfying the
condition of Step 57, fingering position information Pe at the
end point time is also FK1 (Step 58). FK1 in this case is key
pressing information for an initial image with a home
position because of the absence of T1.

The fingering position information Pm at the reproduction
time T to be generated in Step 90 is obtained by synthesizing
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fingering position information Ps and fingering position
information Pe, and these are key pressing information of
the initial image, so that a fingering image to be drawn based
on the fingering position information Pm is also the initial
image.

In the state B where the reproduction time T is “144,” in
the scanning in Step 52 of the flowchart of FIG. 4, T1 is
invalid, and since the reproduction time T is at a key
releasing time, T2 is the “time 192” being a key pressing
time after and closest to T, T3 is the “time 202,” and T4 is
the “time 216.”

When the reproduction time T is “144,” as in the case of
T=0, T1 is invalid, and T<T2 is satisfied, so that the result
of'the determination in Step 55 is “Y,” and fingering position
information Ps at the start point time is FK1 (Step 56).

In Step 57, since Tmin is set to “96,” the condition of Step
57 is not satisfied, and accordingly, the result of the deter-
mination is “N,” and whether Pe can be generated from
FK24 is determined (Step 59). In this case, since it is
possible to simultaneously press the key with the note
number 45 with the little finger and the key with the note
number 52 with the index finger, it is determined that Pe can
be generated from FK24, and fingering position information
Pe at the end point time is FK24 (Step 60). FK24 in this case
is synthetic key pressing information of FK2 and FK4
showing pressing of the key with the note number 45 with
the little finger and pressing of the key with the note number
52 with the index finger.

The fingering position information Pm at the reproduction
time T to be generated in Step 90 is obtained by synthesizing
fingering position information Ps of the initial image and
fingering position information Pe of FK24, and a fingering
image to be drawn based on the fingering position informa-
tion Pm is an in-motion image before pressing the key with
the note number 45, showing a movement from the initial
image (home position) to a chording hand position to press
the keys with the note numbers 45 and 52.

In the state C where the reproduction time T is “192,” in
the scanning in Step 52 of the flowchart of FIG. 4, T1 is
invalid, and since the reproduction time T is at a key
pressing time, T2 is the “time 192” being a key pressing time
before and closest to T, T3 is the “time 202,” and T4 is the
“time 216.”

When the reproduction time T is “192,” T=T2, and T<T2
is not satisfied, so that the result of the determination in Step
55 is “N.” FK12 and FK24 have already been generated in
Step 54.

At the time 192, key pressing is being performed (Step
63), and T4-T3=14<Tmin=96 (Step 64), and whether Ps and
Pe can be generated from FK24 is determined (Step 65), and
since it is possible to simultaneously press the key with the
note number 45 with the little finger and the key with the
note number 52 with the index finger as described above, it
is determined that Ps and Pe can be generated from FK24,
and fingering position information Ps at the start point time
and fingering position information Pe at the end point time
are FK24 (Step 66). FK24 in this case is synthetic key
pressing information of FK2 and FK4 showing pressing of
the key with the note number 45 with the little finger and
pressing of the key with the note number 52 with the index
finger.

The fingering position information Pm at the reproduction
time T to be generated in Step 90 is fingering position
information Ps (Pe) of FK24, and a fingering image to be
drawn based on the fingering position information Pm is a
fingering image by key pressing display showing that the
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key with the note number 45 is being pressed with a
chording hand position capable of pressing the keys with the
note numbers 45 and 52.

In the state D where the reproduction time T is “210,” in
the scanning in Step 52 of the flowchart of FIG. 4, T1 is the
“time 202" corresponding to a key releasing time before and
closest to T, and since the reproduction time T is at a key
releasing time, T2 is the “time 216 being a key pressing
time after and closest to T, T3 is the “time 226 being a key
releasing time after and closest to T2, and T4 is the “time
216” being a key pressing time after and closest to T2.

When the reproduction time T is “210,” T1 is present, so
that the result of the determination in Step 55 is “N.”

At the time 210, key releasing is being performed (Step
63), and the condition of Step 70 {although T4 is equal to
T2, T (time 210) is not equal to or more than T2 (time 216)}
is not satisfied, and the condition of Step 72 (T2-
T1=14<Tmin=96) is satisfied, so that it is possible to simul-
taneously press the key with the note number 45 with the
little finger and the key with the note number 52 with the
index finger, and therefore, Ps is determined that it can be
generated from FK12 (Step 73), and fingering position
information Ps at the start point time is FK12 (Step 74).
FK12 in this case is synthetic key pressing information of
FK1 and FK2 showing pressing of the key with the note
number 45 with the little finger and pressing of the key with
the note number 52 with the index finger.

In addition, since it is possible to simultaneously press the
key with the note number 52 with the index finger and the
key with the note number 57 with the thumb, so that it is
determined that Pe can be generated from FK24, and fin-
gering position information Pe at the end point time is FK24
(Step 79). FK24 in this case is synthetic key pressing
information of FK2 and FK4 showing pressing of the key
with the note number 52 with the index finger and pressing
of the key with the note number 57 with the thumb.

The fingering position information Pm at the reproduction
time T to be generated in Step 90 is obtained by synthesizing
fingering position information Ps of FK12 and fingering
position information Pe of FK24, and a fingering image to
be drawn from the fingering position information Pm is an
in-motion image (after releasing the key with the note
number 45 and before pressing the key with the note number
52) showing a movement from a chording hand position to
press the keys with the note numbers 45 and 52 to a chording
hand position to press the keys with the note numbers 52 and
27.

In the state E where the reproduction time T is “216,” in
the scanning in Step 52 of the flowchart of FIG. 4, T1 is the
“time 202" corresponding to a key releasing time before and
closest to T, and since the reproduction time T is at a key
pressing time, T2 is the “time 216 being a key pressing time
before and closest to T, T3 is the “time 226 being a key
releasing time after and closest to T2, and T4 is the “time
240” being a key pressing time after and closest to T2.

When the reproduction time T is “216,” T2 is the “time
2027, and T<T2 is not satisfied, so that the result of the
determination in Step 55 is “N.”

At the time 216, key pressing is being performed (Step
63), and the condition of Step 64 (T4-T3=14<Tmin=96) is
also satisfied, so that since it is possible to simultaneously
press the key with the note number 52 with the index finger
and the key with the note number 57 with the thumb, it is
determined that Ps and Pe can be generated from FK24 (Step
65), and fingering position information Ps at the start point
time and fingering position information Pe at the end point
time are FK24 (Step 66). FK24 in this case is synthetic key
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pressing information of FK2 and FK4 showing pressing of
the key with the note number 52 with the index finger and
pressing of the key with the note number 57 with the thumb.

The fingering position information Pm at the reproduction
time T to be generated in Step 90 is fingering position
information Ps (Pe) of FK24, and a fingering image to be
drawn based on the fingering position information Pm is a
fingering image by key pressing display showing that the
key with the note number 52 is being pressed with a
chording hand position capable of pressing the keys with the
note numbers 52 and 57.

In the state F where the reproduction time T is “234,” in
the scanning in Step 52 of the flowchart of FIG. 4, T1 is the
“time 226" corresponding to a key releasing time before and
closest to T, and since the reproduction time T is at a key
releasing time, T2 is the “time 240 being a key pressing
time after and closest to T, T3 is the “time 263” being a key
releasing time after and closest to T2, and T4 is the “time
336” being a key pressing time after and closest to T2.

When the reproduction time T is “234,” T1 is present, so
that the result of the determination in Step 55 is “N.”

At the time 234, key releasing is being performed (Step
63), and the condition of Step 70 is not satisfied {although
T4 is equal to T2, T (time 234) is not equal to or more than
T2 (time 240)}, and the condition of Step 72 (T2-
T1=14<Tmin=96) is satisfied, so that whether Ps can be
generated from FK12 is determined (step 73), and fingering
position information Ps at the start point time is FK12 (Step
74). FK12 in this case is synthetic key pressing information
of FK1 and FK2 showing pressing of the key with the note
number 45 with the index finger and pressing of the key with
the note number 57 with the thumb.

The condition of Step 77 (T4-T3=73<Tmin=96) is sat-
isfied, the note number of the key pressed with the little
finger at T2 is “40,” and a chord consisting of the note
number “40” and the note number “57” pressed at the time
of key pressing with the thumb at T4 cannot be played with
the same hand position, so that in Step 78, it is determined
that Pe cannot be generated from FK24, and fingering
position information Pe at the end point is FK2 (Step 80).
FK2 in this case is key pressing information showing
pressing of the key with the note number 57 with the thumb.

The fingering position information Pm at the reproduction
time T to be generated in Step 90 is obtained by synthesizing
fingering position information Ps of FK12 and fingering
position information Pe of FK2, and a fingering image to be
drawn based on the fingering position information Pm is an
in-motion image (after releasing the key with the note
number 52 and before pressing the key with the note number
57) showing a movement from a chording hand position to
press the keys with the note numbers 52 and 57 to a single
note playing hand position to press the key with the note
number 57.

In the state G where the reproduction time T is “240,” in
the scanning in Step 52 of the flowchart of FIG. 4, T1 is the
“time 226" corresponding to a key releasing time before and
closest to T, and since the reproduction time T is at a key
pressing time, T2 is the “time 240 being a key pressing time
before and closest to T, T3 is the “time 263 being a key
releasing time after and closest to T2, and T4 is the “time
336” being a key pressing time after and closest to T2.

When the reproduction time T is “240,” T2 is the “time
2407, and T<T2 is not satisfied, so that the result of the
determination in Step 55 is “N.”

At the time 240, key pressing is being performed (Step
63), and the condition of Step 64 (T4-T3=73<Tmin=96) is
satisfied, so that whether Ps and Pe can be generated from
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FK24 is determined (Step 65). In Step 65, the note number
of the key pressed with the little finger at T2 is “40,” and a
chord consisting of the note number “40” and the note
number “57” pressed at the time of key pressing with the
thumb at T4 cannot be played with the same hand position,
so that it is determined that Pe cannot be generated from
FK24, and fingering position information Ps at the start point
time and fingering position information Pe at the end point
time are FK2 (Step 68). FK2 in this case is key pressing
information showing pressing of the key with the note
number 57 with the thumb.

The fingering position information Pm at the reproduction
time T to be generated in Step 90 is fingering position
information Pe (Pe) of FK2, and a fingering image to be
drawn based on the fingering position information Pm is a
fingering image by key pressing display showing that the
key with the note number 57 is being pressed with a single
note playing hand position capable of pressing the key with
the note number 57.

In the state H where the reproduction time T is “288,” in
the scanning in Step 52 of the flowchart of FIG. 4, T1 is the
“time 263" corresponding to a key releasing time before and
closest to T, and since the reproduction time T is at a key
releasing time, T2 is the “time 336 being a key pressing
time after and closest to T, T3 is the “time 346” being a key
releasing time after and closest to T2, and T4 is the “time
360” being a key pressing time after and closest to T2.

When the reproduction time T is “288,” T1 is present, so
that the result of the determination in Step 55 is “N.”

At the time 288, key releasing is being performed (Step
63), and the condition of Step 70 is not satisfied (T4>T2),
and the condition of Step 72 (T2-T1=73<Tmin=96) is
satisfied, and whether Ps can be generated from FK12 is
determined (Step 73).

In Step 73, it is determined that Ps cannot be generated
since key pressing positions of the fingers to be synthesized
are distant, and fingering position information Ps at the start
point time is FK1 (Step 76). FK1 in this case is key pressing
information showing pressing of the key with the note
number 57 with the thumb.

The condition of Step 77 (T4-T3=14<Tmin=96) is sat-
isfied, and it is possible to simultaneously press the key with
the note number 40 with the little finger and the key with the
note number 52 with the thumb, so that it is determined that
Ps and Pe can be generated from FK24 (Step 78), and
fingering position information Pe at the end point time is
FK24 (Step 79). FK24 in this case is synthetic key pressing
information of FK2 and FK4 showing pressing of the key
with the note number 40 with the little finger and pressing
of the key with the note number 52 with the thumb.

The fingering position information Pm at the reproduction
time T to be generated in Step 90 is obtained by synthesizing
fingering position information Ps of FK1 and fingering
position information Pe of FK24, and a fingering image to
be drawn based on the fingering position information Pm is
an in-motion image (after releasing the key with the note
number 57 and before pressing the key with the note number
40) showing a movement from a single note playing hand
position to press the key with the note number 57 to a
chording hand position to press the keys with the note
numbers 40 and 52.

In the state 1 where the reproduction time T is “336,” in
the scanning in Step 52 of the flowchart of FIG. 4, T1 is the
“time 263" corresponding to a key releasing time before and
closest to T, and since the reproduction time T is at a key
pressing time, T2 is the “time 336 being a key pressing time
before and closest to T, T3 is the “time 346 being a key
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releasing time after and closest to T2, and T4 is the “time
360” being a key pressing time after and closest to T2.

When the reproduction time T is “336,” T2 is the “time
2637, and T<T2 is not satisfied, so that the result of the
determination in Step 55 is “N.”

At the time 336, key pressing is being performed (Step
63), and the condition of Step 64 (T4-T3=14<Tmin=96) is
satisfied, so that it is determined that Ps and Pe can be
generated from FK24 (Step 65), and fingering position
information Ps at the start point time and fingering position
information Pe at the end point time are FK24 (Step 66).
FK24 in this case is synthetic key pressing information of
FK2 and FK4 showing pressing of the key with the note
number 40 with the little finger and pressing of the key with
the note number 52 with the index finger.

The fingering position information Pm at the reproduction
time T to be generated in Step 90 is fingering position
information Ps (Pe) of FK24, and a fingering image to be
drawn based on the fingering position information Pm is a
fingering image by key pressing display showing that the
key with the note number 40 is being pressed with a
chording hand position capable of pressing the keys with the
note numbers 40 and 52.

In the state J where the reproduction time T is “354,” in
the scanning in Step 52 of the flowchart in FIG. 4, T1 is the
“time 346 corresponding to a key releasing time before and
closest to T, and since the reproduction time T is at a key
releasing time, T2 is the “time 360 being a key pressing
time after and closest to T, T3 is the “time 370” being a key
releasing time after and closest to T2, and T4 is the “time
384" being a key pressing time after and closest to T2.

When the reproduction time T is “354,” T1 is present, so
that the result of the determination in Step 55 is “N.”

At the time 354, key releasing is being performed (Step
63), and the condition of Step 70 is not satisfied (T4>T2), the
condition of Step 72 is satisfied (T2-T1=14<Tmin=96), and
Ps is determined that it can be generated from FK12 (Step
73), and fingering position information Ps at the start point
time is FK12 (Step 74). FK12 in this case is synthetic key
pressing information of FK1 and FK2 showing pressing of
the key with the note number 40 with the little finger and
pressing of the key with the note number 52 with the thumb.

The condition of Step 77 1is satisfied (T4-
T3=10<Tmin=96), and Pe can be generated from FK24, so
that fingering position information Pe at the end point time
is FK24 (Step 79). FK24 in this case is synthetic key
pressing information of FK2 and FK4 showing pressing of
the key with the note number 52 with the thumb.

The fingering position information Pm at the reproduction
time T to be generated in Step 90 is obtained by synthesizing
fingering position information Ps of FK12 and fingering
position information Pe of FK24, and a fingering image to
be drawn based on the fingering position information Pm is
an in-motion image (after releasing the key with the note
number 40 and before pressing the key with the note number
52) showing a movement from a chording hand position to
press the keys with the note numbers 40 and 52 to a single
note playing hand position to press only the key with the
note number 52.

The respective states K to U show, like the states A to J,
fingering images obtained through the processing in the
flowchart of FIG. 4, and the fingering images corresponding
to the respective states are displayed as follows.

State K: The key with the note number 52 is being pressed
with a single note playing hand position to press the key with
the note number 52.
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State L: In motion after releasing the key with the note
number 52 and before pressing the key with the note number
56, the hand position changes from a single note playing
hand position to press the key with the note number 52 into
a single note playing hand position to press the key with the
note number 56 (crossing over).

State M: The key with the note number 56 is being
pressed with a single note playing hand position to press the
key with the note number 56 (crossing over).

State N: In motion after releasing the key with the note
number 56 and before pressing the key with the note number
45, the hand position changes from the single note playing
hand position to press the key with the note number 56 into
a chording hand position to press the keys with the note
numbers 45 and 52.

State O: The key with the note number 45 is being pressed
with a chording hand position to press the keys with the note
numbers 45 and 52.

State P: In motion after releasing the key with the note
number 45 and before pressing the key with the note number
52, the hand position changes from the chording hand
position to press the keys with the note numbers 45 and 52
into a chording hand position to press the keys with the note
numbers 52 and 57.

State Q: The key with the note number 52 is being pressed
with the chording hand position to press the keys with the
note numbers 52 and 57.

State R: In motion after releasing the key with the note
number 52 and before pressing the key with the note number
57, the hand position changes from the chording hand
position to press the keys with the note numbers 52 and 57
into a single note playing hand position to press the key with
the note number 57.

State S: The key with the note number 57 is being pressed
with the single note playing hand position to press the key
with the note number 57.

State T: After releasing the key with the note number 57
and before pressing the key with the note number 45, the
hand position changes from the single note playing hand
position to press the key with the note number 57 into a
chording hand position to press the keys with the note
numbers 45 and 52.

State U: The key with the note number 45 is being pressed
with the chording hand position to press the keys with the
note numbers 45 and 52.

In the state I and the state M, a fingering image is
displayed so that fingering for “crossing over” being special
fingering is understood. The presence of special fingering is
judged according to setting of a flag showing which opera-
tion among the “finger change,” “crossing under,” and
“crossing over” is included.

For generation of a special fingering image, in the pro-
cessing of Step 62 in FIG. 4, key pressing information is
generated from musical score information, and taken in the
key pressing information correction processing of Step 67
and accordingly, a fingering image is displayed.

According to the above-described fingering display
device and fingering display program, in a case where a
fingering moving image of playing a musical instrument is
drawn in a musical piece reproduction based on playing
information including respective musical sounds of a musi-
cal piece and corresponding finger numbers so as to perform
fingering display on the screen, when generating a fingering
drawing based on fingering position information Pm corre-
sponding to a reproduction time T in a musical piece
reproduction, the fingering drawing is generated based on
synthetic key pressing information obtained by synthesizing
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fingering position information Ps at a time before the
reproduction time T and fingering position information Pe at
a time after the reproduction time T.

As aresult, by including previous and next finger position
information in movements of the back of the hand and the
fingers, a moving distance of the back of the hand can be
minimized and a fingering moving image close to an actual
keyboard operation can be drawn.

For example, with respect to the musical scores shown in
FIG. 10 and FIG. 13, the fingering images shown in FIG. 11
and FIG. 14 according to fingering display of the conven-
tional example can be changed into fingering images shown
in FIG. 12 and FIG. 15 according to fingering display of the
present invention, and a moving distance of the back of the
hand can be minimized, and a fingering moving image close
to an actual keyboard operation can be drawn.

For example, when D# and E at the beginning of the right
hand part of “For Elise” in FIG. 6 are alternately played with
the little finger and the ring finger, although the back of the
hand makes a small leftward/rightward movement each time
of playing one note in the conventional method, the present
invention brings about an effect in which the back of the
hand keeps the chording hand position with the little finger
playing D# and the ring finger playing E and does not make
a leftward/rightward movement, and therefore, a quite natu-
ral fingering moving image is obtained.

In another fingering display program of the present inven-
tion, when generating a fingering moving image, if a time
period from key releasing to the next key pressing is long,
a fingering image is preceded in a short elapsed time after
key releasing to prevent unnatural motions of the fingering
image.

In the case of the musical score shown in FIG. 6, in
playing with the left hand, a sixteenth rest and an eighth rest
are present in measure 5, and a whole rest is present in
measure 6, so that during these, the left hand does not press
any key. The piano roll shown in FIG. 7 corresponding to the
musical score of this part is turned into the state T at the
“time 588.”

In the state T where the reproduction time T is “588,” in
the scanning in Step 52 of the flowchart of FIG. 4, T1 is the
“time 551" corresponding to a key releasing time before and
closest to T, and since the reproduction time T is at a key
releasing time, T2 is the “time 768 being a key pressing
time after and closest to T, T3 is the “time 778” being a key
releasing time after and closest to T2, and T4 is the “time
792” being a key pressing time after and closest to T2.

When the reproduction time T is “588,” T1 is present, so
that the result of the determination in Step 55 is “N.”

Whether to make a preceding movement is determined by
performing processing of Step 70, Step 72, and Step 75 in
the flowchart of FIG. 4 in order. That is, whether it is after
the last key pressing is determined in Step 70, whether a time
period to the next key pressing is shorter than a predeter-
mined time period is determined in Step 72, and whether to
make a preceding movement is determined in Step 75.

For example, in the case of the time 588, key releasing is
being performed (Step 63), the condition of Step 70 is not
satisfied (T=588 is not equal to or more than T2=768), and
the condition of Step 72 is not satisfied (T2-T1=768-
588=180 is larger than Tmin of 96).

In the case of the time 588, the condition of Step 75 is
satisfied (T-T1=588-551=37 is smaller than Tmin of 96), so
that a preceding movement is determined to be made. Since
the time period from T1 to T2 is longer than Tmin, key
pressing at T1 and key pressing at T2 cannot be synthesized,
and therefore, fingering position information Ps at the start
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point time is not FK12 but FK1 (Step 76). FK1 in this case
is FK1 key pressing information showing pressing of the key
with the note number 57 with the thumb.

Subsequently, the condition of Step 77 is determined, and
T4-T3=792-778=14 is smaller than Tmin of 96, so that the
result of the determination is “Y,” and Pe can be generated
from FK24 (Step 78), and therefore, fingering position
information Pe at the end point is FK24 (Step 79). FK24 in
this case is synthetic key pressing information of FK2 and
FK4 showing pressing of the key with the note number 52
with the index finger and pressing of the key with the note
number 45 with the little finger.

The fingering position information Pm at the reproduction
time T to be generated in Step 90 is obtained by synthesizing
the fingering position information Ps of FK1 and fingering
position information Pe of FK24, and a fingering image to
be drawn based on the fingering position information Pm is
an in-motion image (in motion after releasing the key with
the note number 57 and before pressing the key with the note
number 45) showing a movement from a single note playing
hand position to press the key with the note number 57 to a
chording hand position to press the keys with the note
numbers 45 and 52.

The preceding movement end point time is the time 647
that is Tmin (96) after the start point time 551 (T1).

Next, drawing of a fingering image with a preceding
movement is described with reference to FIG. 2, FIG. 16,
and FIGS. 17A-B.

The musical score shown in FIG. 2 shows enlarged
measures 5 and 6 of the musical score shown in FIG. 6, and
a key pressing image showing the key of “A” pressed with
the thumb, as the last musical sound in measure 5 for the left
hand is displayed from the position of BAR in the musical
score. Thereafter, even when playing progresses, key press-
ing with the left hand rests until the note of “A” in measure
7.

In this case, in the case of conventional drawing of a key
pressing image, as shown in FIG. 16, the key pressing image
moves leftward according to the progress of BAR, and takes
as long as one and a half measures to slowly move to the
position of pressing the key of “A” with the little finger just
after measure 7 starts.

On the other hand, according to the above-described
fingering drawing method, when generating a key pressing
image, a time T2 being a key pressing time after and closest
to the reproduction time T from a key releasing time when
key pressing changes to key releasing at the reproduction
time T, and a time T1 just before changing to key pressing
information at time T2, are obtained, and when a time period
from the time T1 to the time T2 is longer than a desired time,
whether an elapsed time from the time T1 to the reproduc-
tion time T is short is further determined, and when it is
short, based on synthetic key pressing information obtained
by synthesizing key pressing information at time T2, end-
point fingering position information (Pe) is obtained by
defining an end point time as T1+Tmin, and fingering
position information (Pm) is generated.

Therefore, as shown in FIG. 17A, while BAR still moves
along measure 5, the left hand key pressing image can be
made to make a preceding movement to a position enabling
it to press the key of “A” in measure 7. When BAR reaches
the first note in measure 7 in actuality, the key pressing
image as shown in FIG. 17B is displayed. That is, at the
reproduction time T in FIG. 17A, the key pressing image can
be moved in advance in a short time to the position of the
key as a key pressing target in FIG. 17B.
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According to the above-described key pressing image
drawing method (fingering display program), in a case
where a fingering moving image of playing a musical
instrument is drawn a in musical piece reproduction based
on playing information including the respective musical
sounds of a musical piece and corresponding finger numbers
so as to perform fingering display on the screen, when
generating a fingering drawing based on fingering position
information Pm corresponding to the reproduction time T in
the musical piece reproduction, a fingering drawing is gen-
erated based on synthetic key pressing information obtained
by synthesizing fingering position information Ps at a time
before the reproduction time T and fingering position infor-
mation Pe at a time after the reproduction time T.

By determining the time period from key releasing to the
next key pressing, even if the time period is long, a fingering
image can be generated so that hand movement completes as
early as possible before the next key pressing time comes.
Accordingly, a practicing person can be instructed to quickly
prepare his/her hand and fingers for the next key pressing.

Next, a fingering image with an offset image to be
displayed on the fingering display device described above is
described with reference to FIG. 18 to FIG. 21.

A fingering image with an offset image at a reproduction
time T is generated in the fingering image generation unit 15
based on information (position information of a key pressing
fingering image, and position information of a key releasing
fingering image), etc., prepared in the fingering position
information generation unit 14.

The above-described fingering position information Pm
generated in the fingering position information generation
unit 14 includes position information of a key pressing
fingering image at the time of key pressing at the reproduc-
tion time, and position information of a key releasing
fingering image when the key pressing finger is released
from the key pressing fingering image.

The fingering image with an offset image is generated by
simultaneously displaying either a key pressing fingering
image and a fingering shadow image or a key releasing
fingering image and a fingering shadow image with respect
to the fingering shadow image having the same shape as that
of the key releasing fingering image when maximally offset
based on information on a hand shape and coordinates of
finger positions corresponding to the fingering position
information.

In the fingering image X with an offset image, as shown
in each of FIG. 18 and FIG. 20, two kinds of fingering
images are offset from each other and superimposed one on
the other and displayed at the reproduction time.

FIG. 18 shows a fingering image X with an offset image
at the time of key pressing when pressing a single note of G
on the keyboard with the index finger of the right hand, and
a fingering image X with an offset image at the time of key
releasing just before key pressing.

FIG. 20 shows a fingering image X with an offset image
at the time of key pressing when pressing keys to play a
chord consisting of A, D, and F with the thumb, the middle
finger, and the little finger of the right hand, and a fingering
image X with an offset image at the time of key releasing just
before key pressing.

Each fingering image consists of the positions and shapes
of'the back of the hand and the respective fingers at a current
reproduction time according to a secondary fingering display
method using geometric shapes of the back of the hand and
the respective fingers.

Each of the fingering images (at the times of key pressing
and key releasing) X with offset images when pressing a key
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of a single note, shown in FIG. 18, are generated based on
a key releasing fingering image (image A), a key pressing
fingering image (image B), and a key pressing fingering
shadow image (image C) shown in FIG. 19.

The image A and the image B are different only in shape
of a finger portion pressing a key. That is, in the case of a
single note, only the key pressing finger moves up/down,
and other fingers and the hand do not move up/down, so that
the image A and the image B are different in shape except
when maximally offset. By forming the image B into a
different shape in which only a tip position of the key
pressing finger when pressing a single note key matches the
tip position in the image C, key pressing display that is also
natural in appearance is enabled.

As color tones of the image A and the image B, light
colors such as flesh color are preferable. Preferably, as a
color tone of the image C, a dark color such as black is used
so that it is recognized as a drop shadow of the image A, and
the image C is transparently displayed so as to make the
keyboard under the image visible.

At the time of key pressing, an under-key-pressing mark
P is displayed near the tip of a finger pressing a key.

At the time of key pressing, by displaying the finger
pressing a key so that its color tone becomes darker toward
the tip of the finger, the finger looks as if it presses a key.

At the time of key releasing, a key pressing preparation
mark Q is displayed near the tip of a finger that will press a
key next.

In the fingering image X with an offset image at the time
of key releasing (just before key pressing), the image A
offset with respect to the image C is displayed at an upper
side of the image C. The image A indicates a position of a
finger that will press a key next by the key pressing
preparation mark Q, and is displayed at an offset position
corresponding to a sound volume of a musical sound of a
key to be pressed next, and accordingly, a magnitude of a
sound volume at the time of key pressing can be visually
instructed.

At this time, according to a remaining time before the next
key pressing, the offset of the tip position of the finger
pressing a key is changed so as to gradually decrease and
reach zero at the time of key pressing (that is, the tip position
of the finger pressing a key in the image C and the tip
position of the finger pressing a key in the image A match
each other).

In the fingering image X with an offset image at the time
of single note key pressing, the image B offset with respect
to the image C is displayed at an upper side of the image C.
Preferably, the offset of the image B with respect to the
image C is set to be substantially equivalent to and slightly
smaller than that at the time of key releasing. This is for
more easy recognition of key pressing.

Each of the fingering images (at the times of key pressing
and key releasing) in the case of chording in FIG. 20 is also
generated in the same manner as in the case of a single note,
based on the key releasing fingering image (image A), the
key pressing fingering image (image B), and the fingering
shadow image (image C) shown in FIG. 21. The image A
and the image B have the same shape unlike in the case of
a single note. That is, in the case of chording, fingering in
which the back of the hand and all fingers are moved
integrally is performed, so that the image A and the image
B have the same shape.

In the fingering image X with an offset image at the time
of chord key releasing (just before key pressing), the image
A offset and superimposed on the image C is displayed. The
image A indicates positions of fingers that will press keys
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next, and is displayed at an offset position corresponding to
a sound volume of musical sounds in the case of key
pressing, and accordingly, a magnitude of the sound volume
at the time of key pressing can be visually instructed.

At this time, according to a remaining time before the next
key pressing, the offset is changed so as to gradually
decrease and become minimum at the time of key pressing
(that is, reach an offset at the time of key pressing).

Key pressing marks for key pressing fingers and color
tones of key pressing fingers during chord key pressing, key
pressing preparation marks for the next key pressing fingers
at the time of chord key releasing, and color tones of the
respective images are the same as in the case of a single note.

In the fingering image at the time of key pressing, the
image B offset with respect to the image C is displayed at an
upper side of the image C. An offset of the image B with
respect to the image C is at a very small value. This offset
is set to a value set in advance (may be equal to or different
from that in the case of a single note). Setting the offset not
to zero is in order to make easily viewable the fingers on the
keyboard.

In the fingering images at the time of key pressing shown
in FIG. 18 and FIG. 20 (the image B in FIG. 19 and the
image B in FIG. 21), to express the key pressing finger (the
index finger in FIG. 18 and FIG. 19, and the thumb, the
middle finger, and the little finger in FIG. 20 and FIG. 21)
as if the finger is flexed at a joint, the color tone changes in
two stages at the joint portion, and becomes darker toward
the tip side.

An offset direction of the image A with respect to the
image C in the fingering image X with an offset image at the
time of key releasing looks natural when it is a direction
toward an upper left side for the left hand, and a direction
toward an upper right side for the right hand as shown in
FIG. 22, however, it is not limited to these, and may be other
offset directions.

As shown in FIG. 23 A and FIG. 23B, by making larger the
offset as the sound volume is increased, it is possible to more
easily visually transmit strong striking and weak striking.
That is, by increasing the displacement of the image A with
respect to the image C by making larger a maximum offset
at the time of key releasing in the case of strong striking
shown in FIG. 23B than in the case of weak striking shown
in FIG. 23 A, it is possible to perform display that enables a
player to intuitively understand that for a higher sound
volume responding to key pressing, the hand needs to be
moved down from a higher position.

Next, steps of generating fingering images with offset
images from fingering position information in the fingering
position information generation unit 14 and the fingering
image generation unit 15 shown in FIG. 1 are described with
reference to the flowchart of FIG. 24.

In the fingering display device, by the stored fingering
display program, fingering position information for drawing
an image A, an image B, and an image C based on key
pressing information at a reproduction time are generated,
and based on these fingering position information, a finger-
ing image with an offset image is generated and drawn on
the display device 18. The key pressing information also
includes information on the sound volume.

First, information on shapes of the respective fingers and
the back of the hand, including a relative length of the back
of the hand with respect to a keyboard width, and relative
positions of the respective fingers from the back of the hand,
a key pressing time period, and a sound volume value, etc.,
necessary for drawing of the fingering image X are read
(Step 141).
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Next, fingering position information for drawing an image
C is prepared from the key pressing information of Step 141
(Step 142). A display color of the image C is set to a dark
color.

A sound volume value is acquired at the time of key
pressing and a sound volume value for the next key pressing
is acquired at the time of key releasing (Step 143), and a key
pressing time is acquired in advance (Step 144).

Whether the reproduction time is during key pressing is
determined (Step 145). When it is during key pressing,
whether chord key pressing is being performed is deter-
mined (Step 146). Then, when chord key pressing is being
performed, fingering position information for drawing an
image A is prepared from the key pressing information, and
the image A is drawn (Step 147). In the case of chording, the
image A has the same shape as the image C (the back of the
hand and the fingers have the same shapes), however, its
display color is a light color, and key pressing fingers are
displayed in a darker color tone than key releasing fingers.

When chord key pressing is not performed (that is, when
single note key pressing is being performed), offset coordi-
nates corresponding to the sound volume value are acquired
(Step 148), fingering position information for drawing an
image B is prepared from the key pressing information, and
the image B is drawn at the offset position (Step 149).

The image B has a shape partially different from the shape
of the image C (different in key pressing finger position),
and a display color is the same light color as that of the
image A. A key pressing finger is displayed in a darker color
tone than a key releasing finger.

Under-key-pressing marks are drawn at key pressing
finger positions in the image A in which chord key pressing
is performed and the image B in which single note key
pressing is performed (Step 150), and the image A is
superimposed and displayed on the image C (Step 160). That
is, at the time of single note key pressing, the fingering
image X with an offset image shown in FIG. 18 is displayed,
and at the time of chord key pressing, the fingering image X
with an offset image shown in FIG. 20 is displayed.

In these cases, the image A or the image B is displayed at
a position whose coordinates are offset with respect to the
image C, and concerning this position, in the case of drawing
a fingering image for the right hand, the image A or the
image B is displayed so as to be displaced to an upper right
position with respect to the image C. An offset at the time of
key releasing gradually decreases according to a remaining
time before the next key pressing, and reaches a minimum
offset at the time of key pressing.

The under-key-pressing mark P is displayed as, for
example, a circle at a tip of a key pressing finger.

When the reproduction time is not during key pressing
(that is, a key releasing time) in Step 145, offset coordinates
corresponding to a sound volume value for the next key
pressing are acquired (Step 151), fingering position infor-
mation for drawing the image A is prepared from key
pressing information (single note/chord), and the image A is
drawn (Step 152).

The image A when a key to be pressed next is a key of a
chord is an image having the same shape (the back of the
hand and fingers have the same shapes) as the image C. On
the other hand, the image A when a key to be pressed next
is a key of a single note is, when maximally offset, an image
having the same shape as the image C, and gradually shifts
into the shape of the image B according to a remaining time
before the key pressing. The image A is displayed in a light
color, and a key pressing finger is displayed in a darker color
tone than a key releasing finger.
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A key pressing preparation mark (single note or chord) is
drawn at a next key pressing finger position in the image A
at the time of key releasing (Step 153), and the image A is
superimposed and displayed on the image C (Step 160). That
is, when a key to be pressed next is a key of a single note,
the key releasing fingering image shown in FIG. 18 is
displayed, and when a key to be pressed next is a key of a
chord, the key releasing fingering image shown in FIG. 20
is displayed.

In these cases, the image A is displayed at the offset
position (offset coordinates) acquired in Step 151 with
respect to the image C, and concerning this position, in a
case of drawing a fingering image for the right hand, the
image A is displayed so as to be displaced to an upper right
position with respect to the image C. Conversely, in a case
of drawing a fingering image for the left hand, the image A
is displayed so as to be displaced to an upper left position
with respect to the image C.

The key pressing preparation mark Q is displayed as, for
example, a circle at a tip of a finger intending to press a key
in a color distinguishable from the under-key-pressing mark.
In place of the circle, a shape distinguishable from the
under-key-pressing mark may be displayed.

According to the above-described fingering display
device and fingering display program, at the time of musical
sound reproduction, through simple fingering display, a
change in sound volume from weak striking to strong
striking can be visually shown to a practicing person. This
is effective for sensing the dynamics of the musical piece,
being an important artistic expression of music, through
eyes as well.

By visually expressing up-down movements of the hand
and fingers, a key pressing timing from key releasing can be
more effectively shown than in the case where only the color
of a key to be pressed is changed. In particular, when
fingering display is for a single note, display in which only
a finger to press a key moves is natural and easily under-
standable.

Further, a finger that should press a key currently is
indicated with an under-key-pressing mark P, and a finger
that will press a key next is also indicated with a key
pressing preparation mark Q, so that pre-reading of fingering
can be enabled.

The above-described example shows a fingering image
having a simple two-dimensional geometric shape, however,
without limiting to this, a fingering image or a fingering
shadow image obtained by attaching a texture image to a
polygon by rendering processing after polygon three-dimen-
sional model coordinates are converted into screen coordi-
nates based on polygon data on the back of the hand and
fingers positioned in a three-dimensional coordinate system,
may also be used.

Subsequently, respective fingering images for the left
hand and the right hand to be displayed on the above-
described fingering display device are described with refer-
ence to FIG. 25 and FIGS. 26A-H.

FIG. 25 shows a part of the musical score of “For Elise”
being a musical piece including a part in which the left hand
and the right hand alternately press keys, and fingering
images for the left hand and the right hand are described by
using musical sounds displayed in the part X including the
upper stave being a right hand playing part, and the lower
stave being a left hand playing part. The numeral displayed
above each note is a finger number to indicate which finger
presses the key, and “1” corresponds to the thumb, “2”
corresponds to the index finger, “3” corresponds to the
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middle finger, “4” corresponds to the ring finger, and “5”
corresponds to the little finger.

In the musical score of the part X shown in FIG. 25, the
key of “D#” is pressed with the middle finger (3) of the left
hand (reproduction time T1), the key of “E” is pressed with
the index finger (2) of the left hand (reproduction time T2),
and then, the key of “D#” is pressed with the index finger (2)
of the right hand (reproduction time T4), the key of “E” is
pressed with the middle finger (3) of the right hand (repro-
duction time T5), and then, the key of “D#” is pressed with
the middle finger (3) of the left hand (reproduction time T7),
and the key of “E” is pressed with the index finger (2) of the
left hand (reproduction time T8).

That is, when one hand presses a key, the other hand is at
rest (rest state), so that the left hand and the right hand
alternately press similar keys of “D#” and “E.”

In such a musical score, when generating fingering
images for the left hand and the right hand based on
fingering position information corresponding to the repro-
duction time in a musical piece reproduction, if the fingering
images for the left hand and the right hand overlap, among
keys of musical sounds to be pressed at a current reproduc-
tion position, a hand corresponding to a musical sound
whose sound production starting time is the latest is drawn
foremost.

When there is no musical sound as a key pressing target
at the current reproduction position and neither of the hands
presses a key, a hand including a finger that will press a key
next is drawn foremost.

Therefore, as fingering images for the left and right hands
at the reproduction time T, as shown in order in FIG. 26 A to
FIG. 26H, fingering images in which the left hand and the
right hand overlap each other are drawn in chronological
order (reproduction times T1 to T8).

At the time of key pressing, an under-key-pressing mark
Pis displayed at a corresponding fingertip, and a pressed key
portion is changed in color (hatched portion). At the time of
preparation for key pressing, a key pressing preparation
mark Q showing next key pressing is displayed at a corre-
sponding fingertip.

In the fingering image at the reproduction time T1 in FIG.
26A, a time of key pressing with the left hand is shown, so
that the left hand is drawn foremost. In the fingering image
for the left hand, the key of “D#” is pressed with the middle
finger (3), and the key is changed in color. There is a rest for
the right hand at the reproduction time T1, so that the right
hand is displayed in a state where the index finger (2) that
will press a key at the next key pressing time (reproduction
time T4) is indicated with a key pressing preparation mark

In the fingering image at the reproduction time T2 in FIG.
26B, like at the reproduction time T1, a time of key pressing
with the left hand is shown, so that the left hand is drawn
foremost. In the fingering image for the left hand, the key of
“E” is pressed with the index finger (2) and the key is
changed in color. There is a rest for the right hand at the
reproduction time T2 as well, so that the right hand is
displayed in a state where the index finger (2) that will press
a key at the next key pressing time (reproduction time T4)
is indicated with the key pressing preparation mark Q (in
preparation for key pressing).

In the fingering image at the reproduction time T3 in FIG.
26C, a time of key pressing with the left hand is shown, and
there is no musical sound as a key pressing target at a current
reproduction position, and neither of the hands presses a key.
At this time, a hand including a finger that will press a key
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at the next key pressing time (reproduction time T4) is
drawn foremost, so that the right hand that will press a key
next is drawn foremost.

That is, the middle finger (3) is in preparation for key
pressing at the reproduction time T7 in the fingering image
for the left hand, and the index finger (2) is in preparation for
key pressing at the reproduction time T4 in the fingering
image for the right hand, and the right hand including a
finger that will press a key at the next key pressing time
(reproduction time T4) is displayed foremost.

In the fingering image at the reproduction time T4 in FIG.
26D, a time of key pressing with the right hand is shown, so
that the right hand is drawn foremost. In the fingering image
for the right hand, the key of “D#” is pressed with the index
finger (2), and the key is changed in color. There is a rest for
the left hand at the reproduction time T4, so that the left hand
is displayed in a state where the middle finger (3) that will
press a key at the next key pressing time (reproduction time
T7) is indicated with the key pressing preparation mark Q.

In the fingering image at the reproduction time T5 in FIG.
26E, a time of key pressing with the right hand is shown, so
that the right hand is displayed foremost. In the fingering
image for the right hand, the key of “E” is pressed with the
middle finger (3), and the key is changed in color. There is
a rest for the left hand at the reproduction time T5 as well,
so that the left hand is displayed in a state where the middle
finger (3) that will press a key at the next key pressing time
(reproduction time T7) is indicated with the key pressing
preparation mark Q.

In the fingering image at the reproduction time T6 in FIG.
26F, a time of key releasing of the right hand is shown, and
there is no musical sound as a key pressing target at a current
reproduction position and neither of the hands presses a key.
At this time, a hand including a finger that will press a key
at the next key pressing time (reproduction time T7) is
drawn foremost, so that the left hand that will press a key
next is drawn foremost. That is, in the fingering image for
the left hand, the middle finger (3) is in preparation for key
pressing at the reproduction time T7.

In the fingering image at the reproduction time T7 in FIG.
26G, a time of key pressing with the left hand is shown, so
that the left hand is drawn foremost. In the fingering image
for the left hand, “D#” is pressed with the middle finger (3),
and the key is changed in color.

In the fingering image at the reproduction time T8 in FIG.
26H, a time of key pressing with the left hand is shown, so
that the left hand is drawn foremost. In the fingering image
for the left hand, the key of “E” is pressed with the index
finger (2), and the key is changed in color.

Next, a case where the left hand and the right hand
simultaneously press keys is described. In such a case, when
the fingering images for the left hand and the right hand
overlap each other, and the left hand and the right hand
simultaneously press keys, processing of drawing a hand
with the higher difficulty level foremost is performed.

For example, in the case of the musical score shown in
FIG. 27, the key of “C” is pressed with the little finger (5)
of the left hand and the key of “G” is pressed with the ring
finger (4) of the right hand (reproduction time T11), the key
of “G” is pressed with the ring finger (4) of the left hand
(reproduction time T12), the key of “C” and the key of “E”
are simultaneously pressed with the middle finger (3) and
the thumb (1) of the left hand, respectively (reproduction
time T13), the key of “G” and the key of “E” are simulta-
neously pressed with the ring finger (4) of the left hand and
the index finger (2) of the right hand, respectively (repro-
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duction time T14), and the key of “C” is pressed with the
thumb (1) of the right hand (reproduction time T15).

In this musical score, when generating fingering images
for the left hand and the right hand based on fingering
position information corresponding to a reproduction time in
a musical piece reproduction, in a case where the fingering
images for the left hand and the right hand overlap, among
musical sounds as key pressing targets at a current repro-
duction position described above, processing of drawing
foremost a hand corresponding to a musical sound whose
sound production starting time is the latest is performed.
When there is no musical sound as a key pressing target at
a current reproduction position, and neither of the hands
presses a key, processing of drawing foremost a hand
including a finger that will press a key next is performed, and
in addition, when the left hand and the right hand simulta-
neously press keys, processing of drawing foremost a hand
with the higher difficulty level is performed.

Therefore, as fingering images for the left hand and the
right hand at the reproduction time T, fingering images in
which the left hand and the right hand overlap are drawn in
chronological order (reproduction times T11 to T15) as
shown in order in FIG. 28A to FIG. 28E.

At the time of key pressing, an under-key-pressing mark
P is displayed at a corresponding fingertip, and the pressed
key portion is changed in color (hatched portion).

In the fingering image at the reproduction time T11 in
FIG. 28A, the left hand and the right hand are pressing keys
and are away from each other, so that the left hand and the
right hand are drawn without overlapping. In the fingering
image for the left hand, the key of “C” is pressed with the
little finger (5) and is changed in color. In the fingering
image for the right hand, the key of “G” is pressed with the
ring finger (4) and changed in color.

In the fingering image at the reproduction time T12 in
FIG. 28B, after key pressing with both hands at the repro-
duction time T11, the left hand that is pressing a key (the left
hand that presses a key later) is drawn foremost. In the
fingering image for the left hand, the key of “G” is pressed
with the ring finger (4) and changed in color. In the fingering
image for the right hand, the ring finger (4) that pressed the
key at the reproduction time T11 is provided with an
under-key-pressing mark P.

In the fingering image at the reproduction time T13 in
FIG. 28C, after key pressing with both hands at the repro-
duction time T11, the left hand that is pressing keys (the left
hand that presses keys later) is drawn foremost. In the
fingering image for the left hand, the keys of “C” and “E”
of a chord are pressed with the index finger (2) and the
thumb (1) and changed in color. In the fingering image for
the right hand, the ring finger (4) that pressed a key at the
reproduction time T11 is provided with an under-key-press-
ing mark P.

In the fingering image at the reproduction time T14 in
FIG. 28D, both hands simultaneously press keys. In this
case, a hand with the higher difficulty level is drawn
foremost, and in this example, the left hand is drawn
foremost. In the fingering image for the left hand, the key of
“G” is pressed with the ring finger (4) and changed in color.
In the fingering image for the right hand, the key of “E” is
pressed with the index finger (2) and changed in color.

In the fingering image at the reproduction time T15 in
FIG. 28E, after key pressing with both hands at the repro-
duction time T14, the right hand that is pressing a key (the
right hand that presses a key later) is drawn foremost. In the
fingering image for the right hand, the key of “C” is pressed
with the thumb (1) and changed in color. In the fingering
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image for the left hand, the ring finger (4) that pressed a key
at the reproduction time T14 is provided with an under-key-
pressing mark P.

When the fingering images for the left hand and the right
hand overlap, the hand to be drawn foremost is drawn with
lower transmissivity than that of the other hand, and accord-
ingly, while the fingering image drawn foremost is made
easily viewable, the fingering image for the back hand can
also be checked at the same time.

According to the example described above, in the case
where the fingering images for the left hand and right hand
overlap, the fingering image to be drawn foremost is, if there
are musical sounds as key pressing targets at a current
reproduction position, a fingering image for a hand corre-
sponding to a musical sound whose sound production start-
ing time is the latest among the musical sounds, and is a
fingering image for a hand including a finger that will press
a key next when there is no musical sound as a key pressing
target at a current reproduction position and neither of the
hands presses a key.

In the fingering image in the case where the fingering
images for the left hand and the right hand overlap, when the
left hand and the right hand simultaneously press keys, a
hand with the higher difficulty level is drawn foremost.

Next, in the fingering position information generation unit
14 and the fingering image generation unit 15 in FIG. 1,
steps of generating fingering images for the left and right
hands are described with reference to the flowchart in FIG.
29.

In the fingering display device, by the stored fingering
display program, fingering position information are gener-
ated based on key pressing information at a reproduction
time, and based on these fingering position information,
fingering images for the left hand and the right hand are
generated and drawn on the display device 18. The key
pressing information also includes information on the sound
volume.

First, keyboard information and information necessary for
generation of fingering images for both hands (the left hand
and the right hand) to be drawn on the keyboard, such as
information on shapes of the respective fingers and the back
of the hand, including a relative length of the back of the
hand with respect to a keyboard width, and relative positions
of the respective fingers from the back of the hand, note
numbers, key pressing time periods, and sound volume
values, etc., are read (Step 241).

Next, a keyboard is drawn from the keyboard information
read in Step 241 (Step 242).

Whether the reproduction time is during key pressing is
determined (Step 243). When it is during key pressing,
whether key pressing is simultaneous key pressing with both
hands is determined (Step 244).

When it is not during simultaneous key pressing with both
hands, whether last key pressing was performed with the left
hand is determined (Step 245).

In the case where last key pressing was performed with
the left hand, a fingering image for the right hand is drawn
(Step 246), and over this image, a fingering image for the left
hand is drawn (Step 247), and a fingering image in which the
left hand is disposed foremost is displayed on the screen
(Step 250).

In the case where last key pressing was performed with
the right hand, a fingering image for the left hand is drawn
(Step 248), and over this image, a fingering image for the
right hand is drawn (Step 249), and a fingering image in
which the right hand is disposed foremost is displayed on the
screen (Step 250).
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When the reproduction time is not during key pressing in
Step 243, whether next key pressing will be performed with
the left hand is determined (Step 251).

When next key pressing will be performed with the left
hand, a fingering image for the right hand is drawn (Step
252), and over this image, a fingering image for the left hand
is drawn (Step 253), and a fingering image in which the left
hand is disposed foremost is displayed on the screen (Step
250).

When next key pressing will be performed with the right
hand, a fingering image for the left hand is drawn (Step 254),
and over this image, a fingering image for the right hand is
drawn (Step 255), and a fingering image in which the right
hand is disposed foremost is displayed on the screen (Step
250).

When both hands are simultaneously pressing keys in
Step 244, the difficulty levels of the left hand operation and
the right hand operation are compared, and whether the
difficulty level of the left hand is higher is determined (Step
261).

Whether the movement is a forward/rearward movement,
and a note value and sound frequency, etc., whether the
difficulty level is high is determined, by considering whether
the hand is the right or left hand, a key pressing position, key
pressing finger movement speed and distance for each time,
and depending on whether the standards are met. It is also
possible to scan the entire musical piece when starting to
play it, and to detect a part(s) with a high difficulty level set
depending on the musical piece.

When the difficulty level of the left hand is higher, a
fingering image for the right hand is drawn (Step 262), and
over this image, a fingering image for the left hand is drawn
(Step 263), and a fingering image in which the left hand is
disposed foremost is displayed on the screen (Step 250).

When the difficulty level of the right hand is higher, a
fingering image for the left hand is drawn (Step 264), and
over this image, a fingering image for the right hand is drawn
(Step 265), and a fingering image in which the right hand is
disposed foremost is displayed on the screen (Step 250).

According to the above-described fingering display pro-
gram, when drawing fingering images for the left hand and
the right hand, even in the case where the left hand and the
right hand approach or cross each other, among musical
sounds as key pressing targets at a current reproduction
position, a hand corresponding to a musical sound whose
sound production starting time is the latest can be displayed
foremost, and when there is no musical sound as a key
pressing target at a current reproduction position and neither
of'the hands presses a key, a hand including a finger that will
press a key next can be displayed foremost.

As a result, by displaying foremost information on a key
that should be pressed last, being information that a prac-
ticing person wants to know the most (a hand shape and a
position of the back of the hand, a finger that should press
a key, and a position of the key to be pressed), these pieces
of information can be displayed without being hidden by or
obstructed by a hand or finger that previously pressed a key.

In the case where fingering images for the left hand and
the right hand overlap, when the left hand and the right hand
simultaneously press keys, by displaying a hand with the
higher difficulty level foremost, information on the fingers of
the hand with the higher difficulty level, being more impor-
tant for a practicing person, can be prioritized.

In addition, in the case where fingering images for the left
hand and the right hand overlap, a hand to be drawn
foremost is drawn with lower transmissivity than that of the
other hand, and accordingly, while the fingering image
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drawn foremost is made easily viewable, the fingering image
for the back hand can also be checked at the same time.

REFERENCE SIGNS LIST

11 . .. Musical sound/finger number information storage unit
12 . . . Key pressing information generation unit

13 . . . Key pressing information storage unit

14 . . . Fingering position information generation unit

15 . . . Fingering image generation unit

16 . . . Musical score image generation unit

17 . . . Image information storage unit

18 . . . Display device

21 . . . Reproduction information generation unit

22 . . . Reproduction information storage unit

23 ... Sound generation unit

24 . . . Sound reproduction unit

25 . . . Sound output device

T1 ... Time corresponding to just-before-key-releasing time

before and closest to reproduction time T (time a prede-
termined time before key releasing time, etc.)

T2 . .. Key pressing time after and closest to reproduction
time T when T is key releasing time, or key pressing time
before and closest to reproduction time T when T is key
pressing time

T3 . . . Key releasing time after and closest to T2 (time
corresponding to time of key releasing next to key press-
ing at T2)

T4 ... Key pressing time after and closest to T2 (time of key
pressing next to key pressing at T2)

FK1 ... Key pressing information at time T1 (key pressing
flags for respective fingers, key numbers)

FK2 ... Key pressing information at time T2 (key pressing
flags for respective fingers, key numbers)

FK4 . .. Key pressing information at time T4 (key pressing
flags for respective fingers, key numbers)

FK12...Key pressing information obtained by synthesizing
key pressing information FK1 and key pressing informa-
tion FK2 (key pressing flags for respective fingers, key
numbers)

FK24 ...Key pressing information obtained by synthesizing
key pressing information FK2 and key pressing informa-
tion FK4 (key pressing flags for respective fingers, key
numbers)

Ps . . . Fingering position information at start point time of
fingering (base coordinates and tip coordinates of respec-
tive fingers, central coordinates of the back of the hand)

Pe . . . Fingering position information at end point time of
fingering (base coordinates and tip coordinates of respec-
tive fingers, central coordinates of the back of the hand)

Pm . . . Fingering position information at reproduction time
T (base coordinates and tip coordinates of respective
fingers, central coordinates of the back of the hand)

. . Key releasing fingering image

. Key pressing fingering image

. . Fingering shadow image

. Under-key-pressing mark
. Key pressing preparation mark
. Fingering image with offset image

MO T O W

The invention claimed is:

1. A fingering display program to perform fingering
display on a screen by drawing a fingering moving image of
playing a musical instrument in a musical piece reproduction
based on playing information including respective musical
sounds of a musical piece and corresponding finger num-
bers, wherein
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when generating a fingering drawing based on fingering
position information corresponding to a reproduction
time in the musical piece reproduction,

the fingering display program makes a computer execute:

generating the fingering position information based on
single key pressing information corresponding to a
single time among times including at least a time before
the reproduction time and a time after the reproduction
time, and synthetic key pressing information obtained
by synthesizing respective key pressing information at
a plurality of different times,

wherein the fingering position information includes at
least a center position of the back of a hand and tip
positions of the respective fingers.

2. The fingering display program according to claim 1,

wherein

the plurality of different times includes a time that is a key
pressing time after and closest to the reproduction time
when the reproduction time is a key releasing time, and
is a key pressing time before and closest to the repro-
duction time when the reproduction time is a key
pressing time.

3. The fingering display program according to claim 2,

wherein

the plurality of different times includes:

a time just before changing to key pressing information at
the time; and

a time just after changing from key pressing information
at the time.

4. The fingering display program according to claim 3,

wherein

the synthetic key pressing information includes

key pressing information obtained by synthesizing key
pressing information at a time before the reproduction
time and key pressing information at a time after the
reproduction time.

5. The fingering display program according to claim 1,
wherein the key pressing information is key pressing posi-
tions (keyboard positions) and key pressing states (whether
key pressing or key releasing) of the respective fingers at a
corresponding time.

6. The fingering display program according to claim 1,
wherein

the fingering position information includes interpolated
coordinates of fingers calculated by interpolating:

coordinates of the tip positions of the respective fingers at
a start point time Ts of fingering at a time before the
reproduction time; and

coordinates of the tip positions of the respective fingers at
an end point time Te of fingering at a time after the
reproduction time,
according to elapse of time from the time Ts to the time

Te.

7. A fingering display device that performs fingering
display on a screen by drawing a fingering moving image of
playing a musical instrument at a reproduction time in a
musical piece reproduction based on key pressing informa-
tion of a musical piece, comprising:

a musical sound/finger number information storage unit
storing fingering information for performing the fin-
gering display;

a key pressing information generation unit that generates
from the fingering information respective key pressing
information at a plurality of different times including a
time before the reproduction time and a time after the
reproduction time;
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a fingering position information generation unit that gen-
erates fingering position information based on synthetic
key pressing information obtained by synthesizing the
respective key pressing information;

a fingering image generation unit that generates a finger-
ing image from the fingering position information, and

a display device that displays a fingering image generated
in the fingering image generation unit,

wherein:
the fingering position information is fingering position

information calculated by interpolating:
fingering position information at a start point time Ts of
fingering at a time before the reproduction time; and
fingering position information at an end point time Te
of fingering at a time after the reproduction time,
according to elapse of time from the time Ts to the
time Te.

8. A fingering display program to perform fingering
display on a screen by drawing a fingering moving image of
playing a musical instrument in a musical piece reproduction
based on playing information including respective musical
sounds of a musical piece and corresponding finger num-
bers, wherein

when generating a fingering drawing based on fingering
position information corresponding to a reproduction
time in the musical piece reproduction,

the fingering display program makes a computer execute:

setting,

a time being a key pressing time after and closest to the
reproduction time from a key releasing time when key
pressing changes to key releasing at the reproduction
time, and

a time just before changing to key pressing information at
the time; and

generating fingering position information (Pm) so that
shifting to a fingering position corresponding to the key
pressing information at the time (T2) completes before
the reproduction time (T) elapses a predetermined time
from the time (T1), when a time period from the time
(T1) to the time (T2) is longer than a desired time.

9. The fingering display program according to claim 8,
wherein the fingering display program generates the finger-
ing position information based on single key pressing infor-
mation corresponding to a single time among times includ-
ing at least a time before the reproduction time and a time
after the reproduction time, and synthetic key pressing
information obtained by synthetizing respective key press-
ing information at a plurality of different times.

10. The fingering display program according to claim 9,
wherein

the plurality of different times include:

a time just before changing to key pressing information at
the time; and

a time just after changing from key pressing information
at the time.

11. The fingering display program according to claim 10,

wherein

the synthetic key pressing information includes:

key pressing information obtained by synthesizing key
pressing information at the time and key pressing
information at the time; and

key pressing information obtained by synthesizing key
pressing information at the time and key pressing
information at the time.

12. The fingering display program according to claim 8,

wherein the key pressing information is key pressing posi-
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tions (keyboard positions) and key pressing states (whether
key pressing or key releasing) of the respective fingers at a
corresponding time.

13. The fingering display program according to claim 8,
wherein the fingering position information includes at least
a center position of the back of a hand and tip positions of
the respective fingers.

14. The fingering display program according to claim 8,
wherein

the fingering position information is fingering position

information calculated by interpolating:

fingering position information at a start point time of

fingering at a time before the reproduction time; and
fingering position information at an end point time of
fingering at a time after the reproduction time,
according to elapse of time from the time Ts to the time Te.

15. A fingering display program to perform fingering
display on a screen by drawing a fingering moving image of
playing a musical instrument in a musical piece reproduction
based on key pressing information of a musical piece,
wherein

when generating a fingering drawing based on fingering

position information corresponding to a reproduction
time in the musical piece reproduction,

the fingering display program makes a computer execute

functions of:

preparing a key pressing fingering image at the time of

key pressing at the reproduction time, a key releasing
fingering image at the time of key releasing just before
the key pressing, and
a dark-colored fingering shadow image;
simultaneously displaying either the key pressing finger-
ing image and the fingering shadow image or the key
releasing fingering image and the fingering shadow
image; and
displaying the key releasing fingering image so as to
increase an offset according to a sound volume at the
time of the next key pressing with respect to the
fingering shadow image.

16. The fingering display program according to claim 15,
wherein at the time of chord key pressing, the key pressing
fingering image and the key releasing fingering image are
generated as images having the same shape.

17. The fingering display program according to claim 15,
wherein at the time of single note key pressing, the key
pressing fingering image and the key releasing fingering
image are generated as images that are different only in key
pressing finger.

18. The fingering display program according to claim 15,
wherein the key pressing fingering image and the key
releasing fingering image are light-colored.

19. The fingering display program according to claim 15,
wherein an offset position of the key pressing fingering
image or the key releasing fingering image with respect to
the fingering shadow image is set to the upper right side for
the right hand, and to the upper left side for the left hand.

20. The fingering display program according to claim 15,
wherein a key pressing preparation mark is displayed near
the tip of a finger that will press a key next in the key
releasing fingering image.

21. The fingering display program according to claim 15,
wherein an under-key-pressing mark is displayed near the
tip of a finger that is pressing a key in the key pressing
fingering image.

22. The fingering display program according to claim 15,
wherein a color tone of a finger that is pressing a key in the
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key pressing fingering image is displayed to be darker than
that of a finger releasing a key in the key pressing fingering
image.

23. The fingering display program according to claim 15,
wherein the offset corresponding to a sound volume at the
time of key pressing is gradually changed according to a
remaining time before key pressing.

24. A fingering display device that performs fingering
display on a screen by drawing a fingering moving image of
playing a musical instrument in a musical piece reproduction
based on key pressing information of a musical piece,
comprising:

a musical sound/finger number information storage unit
storing fingering information for performing fingering
display;

a key pressing information generation unit that generates
key pressing information from the fingering informa-
tion;

a fingering position information generation unit that gen-
erates fingering position information from the key
pressing information;

a fingering image generation unit that, when generating a
fingering image at a reproduction time in the musical
piece reproduction from the fingering position infor-
mation, prepares a key pressing fingering image at the
time of key pressing at the reproduction time, a key
releasing fingering image at the time of key releasing
just before the key pressing, and a dark-colored finger-
ing shadow image, simultaneously displays either the
key pressing fingering image and the fingering shadow
image or the key releasing fingering image and the
fingering shadow image, and generates a fingering
image with an offset image in which the key releasing
fingering image is offset with respect to the fingering
shadow image and displayed so that an offset increases
according to a sound volume at the next key pressing
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time, and the offset is gradually changed according to
a remaining time before the next key pressing; and

a display device that displays fingering images generated

in the fingering image generation unit.

25. A fingering display program to perform fingering
display on a screen by drawing a fingering moving image of
playing a musical instrument in a musical piece reproduction
based on key pressing information of a musical piece,
wherein

when generating fingering images for the left hand and the

right hand based on fingering position information
corresponding to a reproduction time in the musical
piece reproduction,

the fingering display program makes a computer execute

functions of:

in a case where fingering images for the left hand and the

right hand overlap, drawing foremost a hand corre-
sponding to a musical sound whose sound production
starting time is the latest among musical sounds as key
pressing targets at a current reproduction position; and
in a case where there is no musical sound as a key pressing
target at a current reproduction position and neither of
the hands presses a key, drawing foremost a hand
including a finger that will press a key next.

26. The fingering display program according to claim 25,
wherein in a case where fingering images for the left hand
and the right hand overlap, when the left hand and the right
hand simultaneously press keys, the fingering display pro-
gram makes a computer execute a function of drawing a
hand with the higher difficulty level foremost.

27. The fingering display program according to claim 25,
wherein image drawing is performed by setting transmis-
sivity of a hand to be drawn foremost to be higher than that
of the other hand.



